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SUMMARY 
The p u r p o s e of t h i s r e s e a r c h was t o d e t e r m i n e t h e e f f e c t s on 
g rowth and t o x i n p r o d u c t i o n , compared t o u n i r r a d i a t e d c o n t r o l s , of e x ­
p o s u r e of s p o r e s of t h e C r a i g and I -8G-F s t r a i n s of C l o s t r i d i u m 
"botul inum t y p e F t o s u b l e t h a l d o s e s of gamma i r r a d i a t i o n . 
S p o r e s of t h e C r a i g a n d I - 8 G - F s t r a i n s of C l o s t r i d i u m b o t u l i n u m 
t y p e F were s u b j e c t e d t o 0 . 1 and 0 .2 megarad d o s e s of c e s i u m - 1 3 7 gamma 
i r r a d i a t i o n . The e f f e c t s of t h e i r r a d i a t i o n of s p o r e s on g rowth and 
t o x i n p r o d u c t i o n a s compared t o an u n i r r a d i a t e d c o n t r o l c u l t u r e were 
f o l l o w e d . M i c r o s c o p i c e x a m i n a t i o n s a n d o p t i c a l d e n s i t y r e a d i n g s were 
u s e d t o e v a l u a t e t h e e f f e c t s of i r r a d i a t i o n on v e g e t a t i v e g r o w t h , w h i l e 
mouse b i o a s s a y d e t e r m i n a t i o n s we re u s e d t o a s c e r t a i n t h e e f f e c t s o f 
i r r a d i a t i o n on t o x i n p r o d u c t i o n . 
Based on t h e r e s e a r c h r e p o r t e d i n t h i s t e x t , t h e d a t a o b t a i n e d 
on t h e p o s t - i r r a d i a t i o n g rowth r e s p o n s e a t 30 C of s p o r e s of C l o s t r i d i u m 
b o t u l i n u m t y p e F , s t r a i n I - 8 G - F s u b j e c t e d t o 0 . 1 megarad and 0 .2 megarad 
gamma i r r a d i a t i o n a r e v a r i a b l e . However, t o x i n t i t e r s p r o d u c e d b y t h e 
i r r a d i a t e d c u l t u r e s a t 30 C a r e c o n s i s t e n t l y h i g h e r t h a n t h o s e p r o d u c e d 
b y an u n i r r a d i a t e d c o n t r o l c u l t u r e . Wo s p o r e o u t g r o w t h o r t o x i n p r o d u c ­
t i o n o c c u r r e d i n any of t h e I - 8 G - F c u l t u r e s i n c u b a t e d a t 1 0 C p o s t -
i r r a d i a t i o n . 
C u l t u r e s grown from s p o r e s of C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n 
C r a i g i r r a d i a t e d w i t h 0 . 1 megarad gamma i r r a d i a t i o n p r o d u c e h i g h e r o p t i c a l 
d e n s i t y r e a d i n g s and c u l t u r e s grown from s p o r e s s u b j e c t e d t o 0 .2 megarad 
gamma i r r a d i a t i o n a t t a i n lower o p t i c a l d e n s i t y r e a d i n g s t h a n u n i r r a d i a t e d 
c o n t r o l c u l t u r e s a t 25 C. Tox in a p p e a r s e a r l i e r and i s c o n s i s t e n t l y 
h i g h e r i n t h e i r r a d i a t e d c u l t u r e s t h a n i n t h e u n i r r a d i a t e d c o n t r o l c u l ­
t u r e s a t 25 C. At 10 C no s p o r e o u t g r o w t h o r t o x i n p r o d u c t i o n "by t h e 
C r a i g s t r a i n o c c u r r e d i n c u l t u r e s i n o c u l a t e d w i t h s p o r e s s u b j e c t e d t o 
0.2 megarad gamma i r r a d i a t i o n . However , t h e 0 , 1 megarad i r r a d i a t e d 
c u l t u r e of t h e C r a i g s t r a i n a t t a i n e d h i g h e r o p t i c a l d e n s i t y r e a d i n g s 




R a d i a t i o n s t e r i l i z a t i o n of food f o r human c o n s u m p t i o n i s d i f f i ­
c u l t b e c a u s e i t r e q u i r e s a dose l a r g e enough t o c a u s e o b j e c t i o n a l 
o r g a n o l e p t i c c h a n g e s . Most r a d i a t i o n r e s e a r c h p e r t a i n i n g t o f o o d s i s 
t h e r e f o r e c o n c e n t r a t e d on s t u d y i n g t h e e f f e c t s of " p a s t e u r i z i n g " d o s e s 
of r a d i a t i o n ( 0 . 1 - 0 . 6 megarad ) on t h e m i c r o b i a l and c h e m i c a l components 
o f f o o d p r o d u c t s . P a s t e u r i z i n g d o s e s o f r a d i a t i o n a r e t h o s e t h a t r e ­
duce t h e m i c r o b i a l p o p u l a t i o n b u t do n o t d e s t r o y a l l o r g a n i s m s p r e s e n t . 
S e v e r a l i n v e s t i g a t o r s have r e p o r t e d on t h e r a d i a t i o n r e s i s t a n c e o f 
b a c t e r i a l s p o r e s and on t h e e f f e c t s of s u b l e t h a l d o s e s of r a d i a t i o n on 
t h e t o x i c i t y p r o d u c e d by s p o r e s of C l o s t r i d i u m b o t u l i n u m t y p e s A , B , C, 
D, and E. However , l i m i t e d r e s e a r c h h a s b e e n done on t h e e f f e c t s of 
s u b l e t h a l d o s e s of r a d i a t i o n on t h e s p o r e s of C l o s t r i d i u m b o t u l i n u m 
t y p e F . The p u r p o s e o f t h i s r e s e a r c h was t o s t u d y t h e e f f e c t s of s u b ­
l e t h a l d o s e s of gamma i r r a d i a t i o n on t h e g rowth and t o x i n p r o d u c t i o n 
of s p o r e s o f t h e C r a i g and t h e I -8G-F s t r a i n s of C l o s t r i d i u m b o t u l i n u m 
t y p e F . 
C l o s t r i d i u m b o t u l i n u m i s a gram p o s i t i v e , a n a e r o b i c , spore fo rming^ 
r o d - s h a p e d o r g a n i s m . I t s s p o r e s a r e w i d e l y d i s t r i b u t e d i n n a t u r e , b e i n g 
found commonly i n s o i l , mud, and t h e i n t e s t i n a l c o n t e n t s o f a n i m a l s . 
T h u s , t h e o p p o r t u n i t y f o r c o n t a m i n a t i n g food w i t h t h i s o r g a n i s m i s w i d e ­
s p r e a d . 
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B o t u l i n u m t o x i n i s t h e most p o t e n t p o i s o n known t o man. A l t h o u g h 
t h e t o x i n m o l e c u l e i s a p r o t e i n , i t i s c a p a b l e of p a s s i n g i n t o t h e 
l y m p h a t i c s y s t e m from t h e u p p e r i n t e s t i n a l t r a c t . By means t h a t a r e 
n o t y e t u n d e r s t o o d , t h e t o x i n a c t s on c e r t a i n n e u r o m u s c u l a r j u n c t i o n s , 
i n t e r f e r i n g w i t h t h e r e l e a s e of a c e t y l c h o l i n e or combin ing w i t h t h e 
a c e t y c h o l i n e a f t e r i t s r e l e a s e , t h u s p r e v e n t i n g t h e p a s s a g e of n e r v e 
i m p u l s e s . The m u s c l e s i n v o l v e d i n r e s p i r a t i o n a r e p a r t i c u l a r l y a f f e c t e d 
and d e a t h r e s u l t s from a s p h y x i a t i o n . 
B o t u l i s m i s a d i s e a s e of man and o t h e r a n i m a l s . R e p o r t s of human 
b o t u l i s m h a v e come m a i n l y from N o r t h A m e r i c a , E u r o p e , and J a p a n , a l t h o u g h 
two o u t b r e a k s h a v e b e e n r e p o r t e d i n A r g e n t i n a and two i n A u s t r a l i a 
(Meyer , 1 9 5 6 ) . The t r u e i n c i d e n c e c a n n o t b e d e t e r m i n e d b e c a u s e of f r e ­
q u e n t f a i l u r e t o r e c o g n i z e t h e d i s e a s e . I n t h e U n i t e d S t a t e s t h e r e a r e 
u s u a l l y no more t h a n 10 o r 1 2 v e r i f i e d o u t b r e a k s each y e a r , w i t h a t o t a l 
of 20 -25 c a s e s . For t h e p a s t q u a r t e r c e n t u r y Germany h a s had 1 0 o r 1 2 
o u t b r e a k s (30 t o ^0 c a s e s ) a n n u a l l y (Meyer , 1 9 5 6 ) . 
S i n c e World War I I t h e i n c i d e n c e i n F r a n c e h a s b e e n s i m i l a r t o 
t h a t i n Germany (Meyer , 1 9 5 6 ) . I n J a p a n , b o t u l i s m was f i r s t r e c o g n i z e d 
i n I95I5 b u t s u b s e q u e n t l y t h a t c o u n t r y h a s a v e r a g e d h o u t b r e a k s w i t h 
a b o u t 8 c a s e s p e r y e a r (Nakamura, 1 9 6 3 ) . Between 1 9 1 9 and 1 9 5 ^ Canada 
s u f f e r e d a t o t a l of 1 ^ known o u t b r e a k s , w i t h a n a v e r a g e of h c a s e s each 
(Meyer , 1 9 5 6 ) . A l t h o u g h t h e i n c i d e n c e o f b o t u l i s m i s l o w , t h e m o r t a l i t y 
r a t e i s h i g h . Almos t t w o - t h i r d s of t h e 1350 c a s e s r e p o r t e d i n t h e 
U n i t e d S t a t e s b e t w e e n 1899 and 1 9 5 ^ r e s u l t e d i n d e a t h (Meyer , 1 9 5 6 ) . I n 
Europe t h e m o r t a l i t y r a t e i s much l o w e r , a v e r a g i n g 1 9 p e r c e n t f o r t h e 
more t h a n ^000 c a s e s r e p o r t e d by Meyer ( 1 9 5 6 ) . The a v e r a g e m o r t a l i t y 
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r a t e i n J a p a n h a s "been 26 p e r c e n t (Nakamura, 1963). 
F r e q u e n t l y , g a s t r i c symptoms a r e t h e f i r s t i n d i c a t i o n s of b o t u l i s m , 
w i t h n a u s e a and v o m i t i n g a p p e a r i n g 12 t o 18 h o u r s a f t e r i n g e s t i o n of t h e 
c o n t a m i n a t e d f o o d . The p a t i e n t may c o m p l a i n of a d r y mouth d u r i n g t h i s 
t i m e . N e u r o l o g i c symptoms soon d e v e l o p w i t h r e s u l t i n g d o u b l e v i s i o n , 
m u s c u l a r w e a k n e s s , and d i f f i c u l t y i n t a l k i n g a n d s w a l l o w i n g . R e s p i r a t o r y 
p a r a l y s i s f o l l o w s , d e a t h i n f a t a l c a s e s u s u a l l y o c c u r r i n g i n 3 t o 6 d a y s . 
I n some c a s e s , c o m p l e t e r e c o v e r y may r e q u i r e s e v e r a l m o n t h s . 
The f o o d s i n c r i m i n a t e d i n o u t b r e a k s o f b o t u l i s m a l m o s t i n v a r i a b l y 
a r e : ( a ) g i v e n a n i n a d e q u a t e p r e l i m i n a r y p r e p a r a t o r y t r e a t m e n t such a s 
h e a t i n g , s a l t i n g , smok ing , b r i n i n g , o r p i c k l i n g ; (b ) a l l o w e d t o s t a n d a t 
a t e m p e r a t u r e t h a t w i l l p e r m i t t h e g rowth o f C l o s t r i d i u m b o t u l i n u m ; and 
( c ) e a t e n w i t h o u t c o o k i n g . I n t h e U n i t e d S t a t e s , home canned v e g e t a b l e s 
a r e i n v o l v e d i n t h e m a j o r i t y of c a s e s (Meyer , 1950). Po rk p r o d u c t s a r e 
t h e major c o n t r i b u t o r s i n E u r o p e , w i t h s a l t e d o r p i c k l e d f i s h a l s o 
f r e q u e n t l y i n v o l v e d (Meyer , 1956). A p i c k l e d r e l i s h c a l l e d " i z u s h i " , 
made of raw f i s h , r i c e , and d i c e d v e g e t a b l e s , h a s b e e n t h e c a u s e of o v e r 
90 p e r c e n t of t h e o u t b r e a k s i n J a p a n (Nakamura, 1963). 
S i x d i s t i n c t t y p e s of C l o s t r i d i u m b o t u l i n u m a r e now r e c o g n i z e d . 
They a r e d e s i g n a t e d by t h e l e t t e r s A, B , C, D, E , a n d F and a r e d i f f e r ­
e n t i a t e d b y t h e s e r o l o g i c a l s p e c i f i c i t y of t h e i r t o x i n s . Types A, B , 
and E h a v e b e e n r e s p o n s i b l e f o r a l l b u t a few of t h e known o u t b r e a k s 
among humans . Type F was f i r s t r e p o r t e d i n i960 and h a s b e e n i n v o l v e d 
i n two known o u t b r e a k s : one c a u s e d b y home p r e p a r e d l i v e r p a s t e i n 
Denmark ( M i l l e r and S c h e i b e l , i960) and a second o u t b r e a k c a u s e d b y home­
made v e n i s o n j e r k y i n t h e U n i t e d S t a t e s ( M o r b i d i t y M o r t a l i t y Weekly 
R e p t . , 1 9 6 6 ) . Types C and D have r a r e l y b e e n i m p l i c a t e d i n o u t b r e a k s 
o f human b o t u l i s m b u t t h e y c a u s e huge l o s s e s i n w i l d and d o m e s t i c 
a n i m a l s . 
I n c i d e n c e of Type E B o t u l i s m 
C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n C r a i g , i s a n o n - p r o t e o l y t i c 
o r g a n i s m s i m i l a r i n many c h a r a c t e r i s t i c s t o C l o s t r i d i u m b o t u l i n u m t y p e 
E. F o r t h i s r e a s o n , t h e h i s t o r i c a l b a c k g r o u n d of t y p e E b o t u l i s m h a s 
a b e a r i n g on t h e s t u d y of t h i s o r g a n i s m . 
The f i r s t r e p o r t e d o u t b r e a k o f t y p e E b o t u l i s m o c c u r r e d i n Coopers -
t own , New York i n 1 9 3 2 . The i n c i d e n t i n v o l v e d 3 p e r s o n s and r e s u l t e d i n 
one d e a t h . The v e h i c l e was smoked s a l m o n , i m p o r t e d from L a b r a d o r (H.azen, 
1 9 3 8 ) . A s econd o u t b r e a k o c c u r r e d i n 193^- i n W e s t c h e s t e r , New York r e ­
s u l t i n g i n 3 c a s e s o f human b o t u l i s m and one d e a t h . I n t h i s i n s t a n c e , 
t h e i n c r i m i n a t e d food was c o m m e r c i a l l y canned s p r a t s from Germany 
(Hazen , 1 9 3 7 ) . I n 1 9 3 6 , G u n n i s o n , Cummings, and Meyer ( 1936) p r o p o s e d 
t h e d e s i g n a t i o n C l o s t r i d i u m b o t u l i n u m t y p e E f o r s e v e r a l c u l t u r e s s e n t 
t o them f o r i d e n t i f i c a t i o n by R u s s i a n b a c t e r i o l o g i s t s . These o r g a n i s m s 
had b e e n i s o l a t e d from t h e i n t e s t i n e s and m u s c l e s of s t u r g e o n . I n 
19^-1 ? mushrooms from Y u g o s l a v i a , canned i n C a l i f o r n i a , we re r e s p o n s i b l e 
f o r 3 c a s e s of t y p e E human b o t u l i s m r e s u l t i n g i n one d e a t h . T h i s i n ­
c i d e n t , r e p o r t e d by G e i g e r ( 19^-1) , o c c u r r e d i n San F r a n c i s c o . 
I n Nanaimo, B . C , t h e i n g e s t i o n of home-canned salmon by a f a t h e r , 
m o t h e r , and son r e s u l t e d i n t h e d e a t h of a l l t h r e e . C l o s t r i d i u m b o t u l i n u m 
t y p e E was i d e n t i f i e d a s t h e c a u s a t i v e a g e n t (Dolman and K e r r , 19^-7) . 
Two c a s e s of t y p e E b o t u l i s m o c c u r r e d i n Canada i n 1950 due t o home-
p i c k l e d h e r r i n g . One of t h e men i n v o l v e d d i e d (Dolman e t a l . , 1 9 5 0 ) . 
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S e v e r a l y e a r s l a t e r , i n 1955? sa lmon eggs were r e s p o n s i b l e f o r s t i l l 
a n o t h e r o u t b r e a k o f t y p e E b o t u l i s m i n Canada . The o u t b r e a k i n v o l v e d 
3 p e r s o n s , one of whom d i e d . The i m p l i c a t e d f o o d s t u f f was sa lmon egg 
c h e e s e made by t r a d i t i o n a l I n d i a n t r i b a l m e t h o d s . A s t r a i n o f C l o s t r i d i u m 
b o t u l i n u m t y p e E was i s o l a t e d b o t h from t h e s tomach c o n t e n t s o f t h e f a t a l 
c a s e a n d from a sample of t h e sa lmon eggs consumed by t h e v i c t i m s (Dolman, 
D a r b y , and L a n e , 1955). B r o c k l e h u r s t (1957) r e p o r t e d on a f a t a l o u t ­
b r e a k of b o t u l i s m among L a b r a d o r Esk imos . T h i s t y p e E o u t b r e a k was 
f a t a l t o 6 o f 8 o f t h e Eskimos a f t e r t h e y had e a t e n s e a l f l i p p e r t h a t 
had b e e n s t o r e d i n a p e t r o l e u m c a n . 
S p e c i a l i z e d f o o d s a s p r e p a r e d by c e r t a i n g r o u p s have b e e n i n d i c t e d 
i n s e v e r a l t y p e E b o t u l i s m o u t b r e a k s . I n J a p a n , s i n c e t h e d i s e a s e was 
f i r s t r e c o g n i z e d i n 1951? 90 p e r c e n t o f t h e o u t b r e a k s have b e e n c a u s e d 
b y " i z u s h i " , wh ich h a s a l r e a d y b e e n d e s c r i b e d . A l a s k a n Eskimos l i k e 
"muk tuk" , c o n s i s t i n g of b e l u g a w h a l e f l i p p e r s e i t h e r d r i e d o r p r e s e r v e d 
i n s e a l o i l . The I n d i a n s of t h e n o r t h w e s t P a c i f i c Coas t f a v o r sa lmon 
egg c h e e s e . Some of t h e p e o p l e of Norway e a t s a l t e d t r o u t o r " r a k e f i s h " 
a s a s p e c i a l d i s h . A l l of t h e s e have b e e n i m p l i c a t e d a t one t i m e i n a 
b o t u l i s m o u t b r e a k . 
I n i960, p l a s t i c vacuum-paeked smoked c i s c o e s c a u g h t i n Lake 
S u p e r i o r c a u s e d t h e d e a t h s of 2 i n d i v i d u a l s i n M i n n e a p o l i s , M i n n e s o t a and 
i n F o r k s , W a s h i n g t o n , home canned sa lmon eggs c a u s e d k c a s e s o f t y p e E 
b o t u l i s m , r e s u l t i n g i n 1 f a t a l i t y ( E a d i e , I96U). I n 1962, Bauman r e p o r t e d 
an o u t b r e a k o f t y p e E b o t u l i s m r e l a t e d t o t h e i n g e s t i o n of p r e s e r v e d 
f l o u n d e r i n R u s s i a (1962). I t was i n 1963 t h a t t h e g e n e r a l Amer ican 
p u b l i c became aware of C l o s t r i d i u m b o t u l i n u m t y p e E. I n March , 3 women 
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a t e a l u n c h o f t u n a f i s h s a l a d and 2 of t h e s e women s u b s e q u e n t l y d i e d 
( J o h n s t o n , e t a l . , 1 9 6 3 ) . Type E b o t u l i s m was d i a g n o s e d and t h e c a u s a ­
t i v e o r g a n i s m i s o l a t e d from t h e empty t u n a c a n . O t h e r c a n s from t h e 
same l o t were r e c o v e r e d from g r o c e r s 1 s h e l v e s ; some o f them a l s o c o n ­
t a i n e d t h e o r g a n i s m . I n l a t e Sep tember and e a r l y O c t o b e r of 1963? "two 
a d d i t i o n a l o u t b r e a k s of t y p e E b o t u l i s m o c c u r r e d s i m u l t a n e o u s l y ; b o t h 
were t r a c e d t o t h e c o n s u m p t i o n of smoked f i s h from t h e G r e a t Lakes 
( M o r b i d i t y M o r t a l i t y Weekly R e p t . , 1 9 6 3 ) . A man and w i f e from Kalamazoo , 
M i c h i g a n , p u r c h a s e d a smoked w h i t e f i s h w h i l e t a k i n g a moto r t r i p t h r o u g h 
u p p e r M i c h i g a n . Bo th c o n t r a c t e d b o t u l i s m and d i e d . C l o s t r i d i u m b o t u l i n u m 
t y p e E was r e c o v e r e d from t h e r e m a i n s o f t h e f i s h . I m m e d i a t e l y t h e r e ­
a f t e r , b o t u l i s m was d i a g n o s e d i n s e v e r a l p a t i e n t s h o s p i t a l i z e d i n 
N a s h v i l l e and i n K n o x v i l l e , T e n n e s s e e . The o u t b r e a k e v e n t u a l l y i n v o l v e d 
1 7 p a t i e n t s (5 d e a t h s ) i n t h e s t a t e s of T e n n e s s e e , Alabama, and K e n t u c k y . 
A s i n g l e s h i p m e n t of smoked w h i t e f i s h chubs packed by a f i r m i n Michigan 
was i n c r i m i n a t e d . 
I n a l l , t h e r e had b e e n 76 o u t b r e a k s o f t y p e E b o t u l i s m r e p o r t e d 
b y O c t o b e r 2 5 , 1 9 & 3 . Of t h e s e kk h a d o c c u r r e d i n J a p a n , 7 i n A l a s k a , 
1 1 i n t h e U n i t e d S t a t e s a p a r t from A l a s k a , 1 1 i n Canada , 3 i n Sweden, 
2 i n Denmark, and 2 i n t h e S o v i e t Union ( M o r b i d i t y M o r t a l i t y Weekly 
R e p t . , 1 9 6 3 ) . 
I n 196k K a u t t e r r e p o r t e d 3 c a s e s of b o t u l i s m from smoked c i s c o e s 
i n wh ich 2 o f t h e 3 i n d i v i d u a l s d i e d . The c a u s a t i v e a g e n t was C l o s t r i d i u m 
b o t u l i n u m t y p e E . I n t h e same y e a r f o u r a d u l t s d e v e l o p e d b o t u l i s m from 
e a t i n g raw salmon eggs from a s i n g l e o n e - q u a r t j a r (Ager and Dolman, 
1 9 6 ^ ) . One p e r s o n d i e d a s a r e s u l t of t h i s o u t b r e a k . And 3 c a s e s 
7 
( l f a t a l ) of food b o r n e i n t o x i c a t i o n were r e p o r t e d t h a t were c a u s e d 
k y C l o s t r i d i u m b o t u l i n u m t y p e E i n homemade g e f i l t e f i s h p r e p a r e d from 
f r e s h w h i t e f i s h ( M o r b i d i t y M o r t a l i t y Weekly R e p t . , 1 9 & 7 ) . 
The o b v i o u s a s s o c i a t i o n of t y p e E b o t u l i s m w i t h f i s h p r o d u c t s 
f i n a l l y l e d i n v e s t i g a t o r s t o s t u d y t h e o c c u r r e n c e of C l o s t r i d i u m b o t u l i n u m 
s p o r e s i n a q u a t i c l i f e a n d s e d i m e n t s . They found t h a t f o c i of h i g h c o n ­
c e n t r a t i o n of C l o s t r i d i u m b o t u l i n u m t y p e E o c c u r r e d i n c e r t a i n m a r i n e 
a r e a s of t h e n o r t h e r n l a t i t u d e s . E x p l a n a t i o n s of t h i s d i s t r i b u t i o n 
emphas i zed a t e r r e s t r i a l o r i g i n , w i t h t h e o r g a n i s m b e i n g washed down from 
t h e s u r r o u n d i n g l a n d m a s s e s t o t h e w a t e r s wh ich s e r v e a s c a t c h m e n t b a s i n s 
(Dolman and I i d a , 1 9 6 3 ) . Thus t h e p r e s e n c e o f d e p o s i t s of t y p e E s p o r e s 
i n l a k e s a n d i n t h e s o i l of H o k k a i d o , J a p a n (Kanzawa, i 9 6 0 ; Wakamura, 
e t a l . , 1 9 6 3 ) , Sweden ( J o h a n n s e n , 1 9 6 3 ) , and B r i t i s h Co lumbia , Canada 
(Dolman and I i d a , 1 9 6 3 ) have b e e n c o r r e l a t e d w i t h t h e f r e q u e n t o c c u r r e n c e 
of t y p e E i n t h e n o r t h e r n P a c i f i c Ocean a n d t h e B a l t i c S e a . F o s t e r 
e t a l . , ( I 9 6 5 ) , u s i n g t o x i n n e u t r a l i z a t i o n t e s t s , showed t h a t C l o s t r i d i u m 
b o t u l i n u m t y p e E was p r e s e n t i n 9 of 1 0 l o c a t i o n s i n Lake M i c h i g a n . 
The o r g a n i s m i t s e l f was found more f r e q u e n t l y i n t h e i n t e s t i n a l t r a c t s 
of f i s h t h a n on g i l l s , l i v e r , o r e x t e r n a l s u r f a c e s . I n a d d i t i o n , o v e r 
75 p e r c e n t of t h e c u l t u r e s p r e p a r e d from i n t e s t i n e s of f i s h c a u g h t i n 
one l a r g e bay i n Lake Mich igan c o n t a i n e d t y p e E t o x i n . Ward and C a r r o l l 
( 1 9 6 5 ) d e m o n s t r a t e d t h e p r e s e n c e of C l o s t r i d i u m b o t u l i n u m t y p e E i n 
e s t u a r i n e w a t e r s of t h e Gulf of Mex ico . They i s o l a t e d C l o s t r i d i u m B o t u l i ­
num t y p e E from mud samples c o l l e c t e d a t v a r i o u s p o i n t s i n G a l v e s t o n 
B a y , T e x a s . O t h e r i n v e s t i g a t o r s made an i n t e n s i v e s t u d y of t h e i n t e s t i n a l 
c o n t e n t s of more t h a n 3000 f i s h from Lakes E r i e , S u p e r i o r , Huron , and 
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Mich igan wh ich were examined f o r C l o s t r i d i u m b o t u l i n u m t y p e E ( B o t t e t 
a l . , 1 9 6 6 ) . I n c i d e n c e f i g u r e s e x p r e s s e d a s p e r c e n t f i s h t e s t e d w e r e : 
Lake E r i e , 1 p e r c e n t ; Lake S u p e r i o r , 1 p e r c e n t ; Lake Huron , k p e r c e n t ; 
t h e main body of Lake M i c h i g a n , 9 p e r c e n t ; and Green Bay (on Lake 
M i c h i g a n ) , 5 7 p e r c e n t . They c o n c l u d e d t h a t C l o s t r i d i u m b o t u l i n u m t y p e 
E a p p e a r e d t o b e w i d e l y b u t u n e v e n l y d i s t r i b u t e d i n t h e G r e a t L a k e s , 
and t h a t f i s h from a l l a r e a s were p o t e n t i a l c a r r i e r s . I n a f o l l o w - u p 
s t u d y i n 1 9 & 8 , i t was r e p o r t e d t h a t t h e e x c e p t i o n a l l y h i g h c a r r i e r r a t e 
i n f i s h i n Green Bay was c o r r e l a t e d w i t h t h e f r e q u e n c y w i t h which t h e 
o r g a n i s m c o u l d b e d e m o n s t r a t e d i n Green Bay s e d i m e n t s ( B o t t e t a l . , 
1 9 6 8 ) . The f o l l o w i n g r e a s o n s were g i v e n f o r t h e p r e s e n c e of C l o s t r i d i u m 
b o t u l i n u m t y p e E i n s a m p l e s : l ) A f t e r s p o r e s a r e washed from t h e s o i l 
i n t o t h e b a y , m u l t i p l i c a t i o n i n t h e b a y i t s e l f o c c u r r e d . 2 ) L i v e f i s h 
a n d a q u a t i c b i r d s h a r b o r i n g t h e o r g a n i s m would b e a c t i v e i n i t s d i s s e m i n a ­
t i o n and on t h e i r d e a t h would be f o c i f o r i t s m u l t i p l i c a t i o n . 
Ward e t a l . , ( 1967) d e m o n s t r a t e d t h e same s i t u a t i o n i n a s u r v e y 
of t h e U . S . Gul f C o a s t f o r t h e p r e s e n c e o f C l o s t r i d i u m b o t u l i n u m . I n 
s e d i m e n t s a m p l e s and a n i m a l s c o l l e c t e d d u r i n g t h e warm w e a t h e r months 
b e t w e e n Key W e s t , F l o r i d a , a n d B r o w n s v i l l e , T e x a s , C l o s t r i d i u m b o t u l i n u m 
t y p e E was d e m o n s t r a b l e . These i n v e s t i g a t o r s f ound t h a t t h e i n c i d e n c e 
was somewhat h i g h e r i n t h e e a s t e r n Gulf a n i m a l s , b u t t h e o r g a n i s m was 
a l s o p r e s e n t t o t h e s o u t h e r n m o s t l i m i t s of b o t h Texas and F l o r i d a . 
S i m i l a r s t u d i e s we re done on m a r i n e s e d i m e n t s and o y s t e r s ( C r a s s o s t r e a 
v i r g i n i c a ) f rom Mobi l e Bay , Alabama ( P r e s n e l l , M i e s c i e r , and H i l l , 1 9 6 7 ) . 
T h e i r f i n d i n g s showed C l o s t r i d i u m b o t u l i n u m t y p e E i n b o t h m a r i n e s e d i m e n t s 
a n d i n o y s t e r s i n Mobi l e Bay . C r a i g e t a l . , (1968) i n v e s t i g a t e d t h e 
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t h e i n c i d e n c e of C l o s t r i d i u m b o t u l i n u m t y p e E i n salmon and o t h e r f i s h 
i n t h e P a c i f i c N o r t h w e s t . The o r g a n i s m was d e t e c t e d by t h e i d e n t i f i c a ­
t i o n of t y p e E t o x i n i n e n r i c h m e n t c u l t u r e s of s amples of s a l m o n , s o l e , 
c o d , o y s t e r s , c l a m s , and Dungeness c r a b s from o c e a n w a t e r s a l o n g t h e 
c o a s t s o f Oregon a n d W a s h i n g t o n . 
O r i g i n a l l y , t h e r e h a d b e e n no r e g u l a t i o n s f o r t h e p r o c e s s i n g o f 
smoked f i s h i n t h e G r e a t Lakes s t a t e s . Each p r o c e s s o r s a l t e d and smoked 
h i s p r o d u c t a s he saw f i t . The re we re no s t a n d a r d s f o r s a l t , m o i s t u r e , 
o r h e a t t r e a t m e n t . However, f o l l o w i n g t h e t y p e E b o t u l i s m o u t b r e a k s o f 
i960 and 1963? t h e Food and Drug A d m i n i s t r a t i o n i s s u e d a w a r n i n g a g a i n s t 
t h e c o n s u m p t i o n a n d d i s t r i b u t i o n of smoked f i s h from t h e G r e a t Lakes 
a r e a . Housewives we re a d v i s e d n o t t o u s e smoked f i s h from t h e G r e a t 
Lakes u n l e s s t h e p r o d u c t was known t o h a v e b e e n e i t h e r ( l ) h e a t e d t o 
a t l e a s t 180 F f o r 30 m i n u t e s a f t e r p a c k a g i n g a n d t h e r e a f t e r k e p t u n d e r 
r e f r i g e r a t i o n , o r (2) f r o z e n i m m e d i a t e l y a f t e r p a c k a g i n g and m a i n t a i n e d 
c o n t i n u o u s l y i n a f r o z e n c o n d i t i o n . 
T h i s a c t i o n p r o m p t l y s t i m u l a t e d t h e i s s u a n c e of p r o c e s s i n g r e g u ­
l a t i o n s b y s e v e r a l s t a t e s a n d . c o n c e r n e d m u n i c i p a l a g e n c i e s . The s t a t e s 
of M i c h i g a n , W i s c o n s i n , M i n n e s o t a , a n d I l l i n o i s r e q u i r e t h a t smoked 
f i s h b e h e a t e d t o an i n t e r n a l t e m p e r a t u r e of a t l e a s t 180 F f o r 30 m i n u t e s 
d u r i n g p r o c e s s i n g . The r u l e s f o r c o n t r o l of t e m p e r a t u r e d u r i n g d i s t r i b u ­
t i o n , and t h e p e r m i s s i b l e methods of p a c k a g i n g , v a r y c o n s i d e r a b l y from 
s t a t e t o s t a t e . F r e e z i n g a s a n a l t e r n a t i v e t o t h e h e a t i n g r e q u i r e m e n t 
i s g e n e r a l l y a l l o w e d , a s o r i g i n a l l y s u g g e s t e d b y t h e Food and Drug 
A d m i n i s t r a t i o n . A l l t h e r e g u l a t i o n s m e n t i o n e d w e r e d e s i g n e d t o p r o t e c t 
t h e p u b l i c from t h e h a z a r d of b o t u l i s m . 
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I n c i d e n c e o f Type F B o t u l i s m 
The l a t e i d e n t i f i c a t i o n o f t y p e F C l o s t r i d i u m b o t u l i n u m h a s b e e n 
a t t r i b u t e d by Dolman and Murakami (1961) t o i t s i n f r e q u e n t o c c u r r e n c e 
i n n a t u r e , a l t h o u g h r e c e n t p u b l i c a t i o n s i n d i c a t e t h a t t h e o r g a n i s m i s 
n o t r e s t r i c t e d t o t h e l o c a l i t y of i t s o r i g i n a l d i s c o v e r y . C l o s t r i d i u m 
b o t u l i n u m t y p e F was f i r s t i s o l a t e d from l i v e r p a s t e t h a t was a s s o c i a t e d 
w i t h human b o t u l i s m on t h e D a n i s h i s l a n d of L a n g e l a n d ( M i l l e r and S c h e i b e l , 
i960). One p e r s o n d i e d ; t h r e e o t h e r s showed t y p i c a l symptoms o f t h e 
d i s e a s e . The t o x i n of t y p e F was d e m o n s t r a t e d i n c u l t u r e s from samples 
of m a r i n e s e d i m e n t s t a k e n o f f t h e c o a s t s of Oregon and C a l i f o r n i a (Ek lund 
and P o y s k y , 1965). Then , d u r i n g a s u r v e y of t h e n a t u r a l d i s t r i b u t i o n 
of C l o s t r i d i u m b o t u l i n u m t y p e E i n t h e P a c i f i c N o r t h w e s t , C r a i g i s o l a t e d 
a n d i d e n t i f i e d a p u r e c u l t u r e of C l o s t r i d i u m b o t u l i n u m t y p e F i n a 
sample t a k e n from a sockeye sa lmon ( C r a i g and P i l c h e r , 1966). B e f o r e 
t h a t t i m e , C l o s t r i d i u m b o t u l i n u m t y p e F had b e e n r e p o r t e d o n l y t w i c e . 
Type F b o t u l i s m h a s b e e n r e s p o n s i b l e f o r j u s t one known o u t b r e a k 
of b o t u l i s m i n t h e U n i t e d S t a t e s . T h i s o c c u r r e n c e was r e p o r t e d from 
C a l i f o r n i a i n 1966, when 3 p e r s o n s c o n t r a c t e d t y p e F b o t u l i s m a f t e r 
e a t i n g home-made v e n i s o n j e r k y . A l l 3 p a t i e n t s s u r v i v e d ( M o r b i d i t y 
M o r t a l i t y Weekly R e p t . , 1966). 
The t o x i n of C l o s t r i d i u m b o t u l i n u m t y p e F was i d e n t i f i e d i n c u l ­
t u r e s of mud samples from E a s t e r n N o r t h Dakota (Wentz ejb a l . , 1967). 
Type F t o x i n was a l s o i d e n t i f i e d i n a c u l t u r e of a m i x t u r e of v i s c e r a 
and g i l l s from a f i s h c a u g h t i n t h e A t c h a f a l a y a R i v e r , L o u i s i a n a (Ward 
e t a l . , 1967). However , n e i t h e r g roup of i n v e s t i g a t o r s was a b l e t o 
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i s o l a t e t h e c a u s a t i v e o r g a n i s m i t s e l f . 
I n t h e c o u r s e of an i n v e s t i g a t i o n on t h e p r e v a l e n c e of C l o s t r i d i u m 
"botulinum t y p e E i n c r a b s i n t h e Midd le A t l a n t i c r e g i o n of t h e U n i t e d 
S t a t e s , s amples of e i t h e r g i l l s o r v i s c e r a of two c r a b s ( C a l l i n e c t e s 
s a p i d u s ) c o l l e c t e d a t t h e mouth of t h e York R i v e r c h a n n e l y i e l d e d 
c u l t u r e s of C l o s t r i d i u m b o t u l i n u m t y p e F ( W i l l i a m s - W a l l s , 1 9 6 8 ) . T h i s 
was t h e f i r s t r e p o r t on t h e i s o l a t i o n of a p r o t e o l y t i c C l o s t r i d i u m 
b o t u l i n u m t y p e F found i n t h e U n i t e d S t a t e s , and t h e f i r s t d e m o n s t r a t i o n 
of t h e n a t u r a l o c c u r r e n c e of t h i s immunologic t y p e on t h e e a s t e r n c o a s t 
of t h e U n i t e d S t a t e s . 
The o c c u r r e n c e of C l o s t r i d i u m b o t u l i n u m t y p e F i n a q u a t i c h a b i t a t s 
and i t s p o t e n t i a l h a z a r d i n food p r o d u c t s t a k e n from such l o c a t i o n s a r e 
t h e r a t i o n a l e f o r t h e u s e of t h i s p a r t i c u l a r immunologic t y p e i n t h e 
p r e s e n t s t u d y . 
I r r a d i a t i o n E f f e c t s 
The p r i m a r y aim of food i r r a d i a t i o n t e c h n i q u e s i s t o e x t e n d t h e 
s t o r a g e l i f e of c e r t a i n f o o d i t e m s by s u b j e c t i n g them t o low d o s e s o f 
i o n i z i n g r a d i a t i o n . I n t h e food i n d u s t r y , r a d i a t i o n may b e u s e d f o r 
t h r e e p u r p o s e s : ( l ) t o p r e v e n t s p r o u t i n g o f r o o t c r o p s , such a s p o t a t o e s ; 
(2) t o e l i m i n a t e i n s e c t s from g r a i n b e f o r e s t o r a g e ; and (3) t o p r e s e r v e 
food by i n h i b i t i n g o r d e s t r o y i n g b a c t e r i a o r o t h e r m i c r o o r g a n i s m s . The 
amounts of r a d i a t i o n r e q u i r e d f o r e a c h of t h e s e e f f e c t s d i f f e r g r e a t l y . 
A d o s e of 1000 t o UOOO r a d s i s h i g h l y e f f e c t i v e a s a s p r o u t i n h i b i t o r 
when a p p l i e d t o o n i o n s o r p o t a t o e s . G r a i n s o r c e r e a l s c a n b e d i s i n f e c t e d 
of i n s e c t s a t 20,000 t o 50,000 r a d s , and a t 50,000 r a d s i t i s p o s s i b l e 
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t o s t e r i l i z e t h e l a r v a e o f i n s e c t s t h a t l o d g e i n s i d e f r u i t s . P a s t e u r i ­
z a t i o n d o s e s , g e n e r a l l y i n t h e r a n g e o f 200,000 t o 500,000 r a d s , w i l l 
p r o l o n g t h e s h e l f l i f e o r s t o r a g e t i m e of c e r t a i n f o o d s . F o r e x a m p l e , 
t h e r e f r i g e r a t e d s t o r a g e l i f e o f f r e s h f i s h can b e e x t e n d e d up t o 
30 days by such d o s e s . Much h i g h e r d o s e s , b e t w e e n 2 and 4 . 5 m i l l i o n 
r a d s , a r e r e q u i r e d f o r " s t e r i l i z a t i o n " of f o o d s f o r l o n g - t i m e s t o r a g e 
w i t h o u t r e f r i g e r a t i o n . Bacon and o t h e r p o r k p r o d u c t s , c h i c k e n , and 
b e e f can b e p r e p a c k e d a n d i r r a d i a t e d a t 4 . 5 m i l l i o n r a d s . These m e a t s 
a r e r e p o r t e d t o b e w e l l p r e s e r v e d ( b u t n o t p a r t i c u l a r l y p a l a t a b l e ) a f t e r 
a y e a r ' s s t o r a g e a t room t e m p e r a t u r e f o l l o w i n g t h e t r e a t m e n t ( C a s a r e t t , 
1 9 6 8 ) . 
There a r e , h o w e v e r , c e r t a i n p r o b l e m s a s s o c i a t e d w i t h food s t e r i l ­
i z a t i o n b y i r r a d i a t i o n which h a v e n o t been s o l v e d . Chemica l c h a n g e s may 
be p r o d u c e d i n f o o d s which can r e s u l t i n u n p l e a s a n t f l a v o r s , l o s s of 
c o l o r , and c h a n g e s i n t e x t u r e . The v i t a m i n c o n t e n t o f some f o o d s may 
b e d e c r e a s e d . Many of t h e s e c h a n g e s a r e a p p a r e n t l y a s s o c i a t e d w i t h 
o x i d a t i o n s i n c e t h e f l a v o r a n d odor a r e much l e s s a f f e c t e d i f oxygen i s 
removed from t h e s y s t e m . F u r t h e r m o r e , many of t h e s e c h a n g e s w i l l 
d i s a p p e a r d u r i n g p o s t i r r a d i a t i o n s t o r a g e ; t h e p l e a s a n t f l a v o r may b e 
r e s t o r e d and c o l o r r e t u r n . I t i s p o s s i b l e t h a t improved t e c h n i q u e s 
of i r r a d i a t i o n w i l l m i n i m i z e t h e p r o b l e m s m e n t i o n e d ( C a s a r e t t , 1 9 6 8 ) . 
T h e r e i s a l s o t h e q u e s t i o n of w h e t h e r t o x i c p r o d u c t s a r e p r o d u c e d i n 
c e r t a i n f o o d s d u r i n g i r r a d i a t i o n . P r e l i m i n a r y s t u d i e s h a v e shown t h a t 
i r r a d i a t e d j u i c e s c o n t a i n a m a t e r i a l wh ich c a n p r o d u c e chromosomal 
a b e r r a t i o n s i n p l a n t s . However, e x h a u s t i v e s t u d i e s have d e m o n s t r a t e d 
no t o x i c e f f e c t s i n mammals wh ich were f e d i r r a d i a t e d f o o d s ( C a s a r e t t , 
1 9 6 8 ) . 
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A number of i n v e s t i g a t o r s have r e p o r t e d t h e e f f e c t s of i r r a d i a t i o n 
on g r o w t h , s p o r u l a t i o n , and r e s i s t a n c e o f s p o r e s of c l o s t r i d i a l s p e c i e s . 
A n e l l i s and Koch ( 1 9 6 2 ) r e p o r t e d on t h e r a d i o r e s i s t a n c e of 102 s t r a i n s 
of t y p e s A and B C l o s t r i d i u m b o t u l i n u m s p o r e s s u s p e n d e d i n p h o s p h a t e 
b u f f e r . Type A s t r a i n s showed h i g h e r r a d i o r e s i s t a n c e t h a n t h o s e o f 
t y p e B a l t h o u g h t h e r e was some o v e r l a p p i n g . Schmidt e t a l . , (1962) p r e ­
s e n t e d d a t a on t h e r a d i a t i o n r e s i s t a n c e of 6 s t r a i n s of t y p e E C l o s ­
t r i d i u m b o t u l i n u m i n a b e e f s tew s u b s t r a t e . By a c o m p a r i s o n w i t h 6 
s t r a i n s o f t y p e A a n d 5 s t r a i n s o f t y p e B , he d e m o n s t r a t e d t h a t s p o r e s 
of t y p e . E e x h i b i t o n l y 1+5-55 p e r c e n t of t h e r e s i s t a n c e t o i o n i z i n g 
r a d i a t i o n shown by s p o r e s o f t y p e s A and B. He c o n c l u d e d t h a t any 
r a d i a t i o n dose f o r food s t e r i l i z a t i o n b a s e d upon t h e maximum r e s i s t a n c e 
of t y p e A and B s t r a i n s would p r o v i d e ample p r o t e c t i o n a g a i n s t t y p e E 
s t r a i n s . 
The amount of r a d i a t i o n r e q u i r e d t o s t e r i l i z e c anned g r o u n d b e e f 
i n o c u l a t e d w i t h t y p e A and t y p e B C l o s t r i d i u m b o t u l i n u m s p o r e s v a r i e d 
d i r e c t l y w i t h t h e l o g a r i t h m of t h e number o f s p o r e s p e r gram of m e a t . 
C o n c e r n i n g t h e t o x i c i t y of t h e c u l t u r e s , i t was shown t h a t t h e t o x i n 
was p r e s e n t o n l y when l a r g e s p o r e i n o c u l a were u s e d ( g r e a t e r t h a n 10^ 
s p o r e s / g r a m ) a n d t h a t t h e t o x i n p r o b a b l y came from t h e s p o r e s t h e m s e l v e s . 
N e i t h e r t h e t y p e A nor t h e t y p e B s u b c u l t u r e s from t h e i r r a d i a t e d meat 
showed e v i d e n c e o f g r o w t h , b u t t o x i n was d e m o n s t r a b l e from a t y p e A 
i n o c u l u m of 2 , 670 ,000 o r more s p o r e s / g r a m (Kempe and G r a i k o s k i , 1 9 6 2 ) . 
T h i s r a i s e d t h e q u e s t i o n : Can i r r a d i a t i o n i n c r e a s e t h e amount of t o x i n 
d e r i v e d from s p o r e s ? R e c e n t s t u d i e s s u g g e s t t h a t c o n d i t i o n s wh ich i n ­
c r e a s e p e r m e a b i l i t y of t h e s p o r e o r d e g r a d e p r o t e i n may enhance t h e 
14 
t o x i c i t y of b o t u l i n u s t o x i n ( B o n v e n t r e and Kempe, i960). 
I n work w i t h canned b a c o n , i t was found t h a t a dosage of 4.5 Mrad 
was more t h a n a d e q u a t e a s a s a f e s t e r i l i z a t i o n p r o c e s s even u n d e r e x ­
p e r i m e n t a l c o n d i t i o n s of u n r e a l i s t i c a l l y h i g h l e v e l s of c o n t a m i n a t i o n 
w i t h C l o s t r i d i u m b o t u l i n u m (6 x 10 s p o r e s / c a n ) . The d a t a s t r o n g l y 
i n d i c a t e d t h a t t h e s t e r i l i z i n g d o s e c o u l d be l o w e r e d t o a r a n g e of 
2.0-4.5 Mrad ( A n e l l i s e t a l . , 1965). I n a l a t e r s t u d y , a c o r r o b o r a t i o n 
of t h i s d a t a was o b t a i n e d w i t h canned c u r e d ham. I n a d d i t i o n , i t was 
o b s e r v e d t h a t c a n s of c u r e d ham c o n t a i n i n g C l o s t r i d i u m b o t u l i n u m s p o r e s , 
i r r a d i a t e d w i t h c e r t a i n s u b l e t h a l d o s e s (0.5 t o 1.5 M r a d ) , c l e a r l y 
e v i d e n c e d an a c c e l e r a t i o n i n v i s i b l e s p o i l a g e o v e r u n i r r a d i a t e d c o n t r o l s 
( A n e l l i s e t a l . , 1967). Cann e t a l . , (1965) o b s e r v e d a s i m i l a r phenomenon 
i n t o x i n p r o d u c t i o n i n vacuum packed f i s h c o n t a i n i n g t y p e E b o t u l i n a l 
s p o r e s i r r a d i a t e d a t 0.3 Mrad. A n e l l i s e t a l . , (1965) a l s o f o u n d t h a t 
r a d i a t i o n s u r v i v a l c u r v e s of C l o s t r i d i u m b o t u l i n u m s t r a i n 33A e x h i b i t e d 
a n e x p o n e n t i a l r e d u c t i o n i n numbers which a c c o u n t e d f o r most o f t h e 
p o p u l a t i o n , f o l l o w e d by a " t a i l " c o m p r i s i n g a v e r y s m a l l r e s i d u a l number 
of s p o r e s which r e s i s t e d d e a t h i n t h e r a n g e of 3.0 t o 9«0 Mrad dose 
l e v e l s . He c o n c l u d e d t h a t u n t i l more d e f i n i t i v e d a t a i s o b t a i n e d , r a d i a ­
t i o n food s t e r i l i z a t i o n w i l l h a v e t o t a k e i n t o a c c o u n t t h e e n t i r e s u r v i v a l 
c u r v e , i n c l u d i n g t h e r a d i o r e s i s t a n t " t a i l " . I n a s t i l l l a t e r s t u d y , i t 
was o b s e r v e d t h a t when p o r k l o i n was i n o c u l a t e d w i t h 10^ t y p e A o r t y p e 
C l o s t r i d i u m b o t u l i n u m s p o r e s p e r c a n , t h e min ima l e x p e r i m e n t a l s t e r i l ­
i z i n g dose was b e t w e e n 2.5-3.0 Mrad ( A n e l l i s e t a l . , 1969). 
Abrahamsson e_t a l . , (1965) s t u d i e d t o x i n p r o d u c t i o n by C l o s t r i d i u m 
b o t u l i n u m t y p e E i n vacuum-packed , i r r a d i a t e d f r e s h f i s h , i n r e l a t i o n 
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to changes in microflora. They found that after irradiation at 0.6 Mrad 
the microflora consisted solely of micrococci. This change in micro­
flora lent further support to the view that oxygen scavenging by aerobic 
bacteria favors growth of C l o s t r i d i a . These survivors (micrococci) 
were sensitive to antibiotics. Thus, the use of irradiation in combina­
tion with antibiotics might be effective in controlling spoilage flora. 
Also of interest, 0.3 and 0 .6 Mrad inhibited toxin production in these 
packs at 20 C for ko hours; on further storage, for 6k hours at 20 C, 
the samples irradiated at 0 .3 Mrad became toxic. 
Roberts and Ingram ( 1 9 6 5 ) presented data from which survival curves 
after gamma irradiation could be constructed for a number of clostridial 
species. Irradiation at a temperature of 1 8 - 2 3 C produced curves com­
prised of a "shoulder" extending to about 0 . 2 5 - 0 . 3 5 Mrad, followed by 
an exponential kill over 6-8 log cycles. They suggested that pasteuriz­
ing doses of radiation would have to be accompanied with complementary 
processes in order to obtain a degree of safety and that the "shoulder" 
may almost totally nullify the practical effects of low doses of radia­
tion. 
Kanzanas and Emerson ( 1968) demonstrated that irradiation at 
0 . 1 or 0 .2 Mrad approximately doubled the shelf life of yellow perch 
fillets when they were stored at 1 C. Fernandez e t al., (1969) pre­
sented evidence that although ground beef can be effectively sterilized 
at U.5 Mrad gamma irradiation, existing spores may introduce a significant 
degree of toxicity which is not necessarily detectable immediately after 
irradiation but becomes evident after 2 to k weeks of incubation at 30 C. 
Very little has been contributed to the literature on the effects 
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on g r o w t h a n d t o x i n p r o d u c t i o n of e x p o s u r e o f s p o r e s o f C l o s t r i d i u m 
b o t u l i n u m t y p e F t o s u b l e t h a l d o s e s o f gamma i r r a d i a t i o n . W i l l i a m s -
W a l l s (1969) d e m o n s t r a t e d w i t h t y p e F s p o r e s t h a t maximal t o x i n t i t e r s 
were h i g h e r i n i r r a d i a t e d t h a n i n u n i r r a d i a t e d c o n t r o l c u l t u r e s . These 
d a t a c o i n c i d e w i t h t h o s e r e p o r t e d by Kempe a n d G r a i k o s k i ( 1962) and 
o b s e r v e d b y Cann e t a l . , ( 1965) i n t h e i r work w i t h vacuum-packed f i s h . 
T h i s r e s e a r c h t h e s i s was d e s i g n e d t o o b t a i n a d d i t i o n a l d a t a on t h e e f f e c t s 
of s u b l e t h a l d o s e s of gamma i r r a d i a t i o n on t h e g rowth and t o x i n p r o d u c ­
t i o n of b o t h a p r o t e o l y t i c a n d a n o n - p r o t e o l y t i c s t r a i n o f C l o s t r i d i u m 
b o t u l i n u m t y p e F . 
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CHAPTER I I 
MATERIALS AND METHODS 
Organ i sms Used 
B o t h t h e C r a i g and t h e I - 8 G - F s t r a i n s o f C l o s t r i d i u m b o t u l i n u m 
t y p e F were o b t a i n e d from l a b o r a t o r y s t o c k c u l t u r e s . O r i g i n a l l y t h e 
C r a i g s t r a i n was r e c e i v e d from t h e Abe rdeen C u l t u r e C o l l e c t i o n , A b e r d e e n , 
S c o t l a n d . The I - 8 G - F s t r a i n was i s o l a t e d from a c r a b sample by Dr . 
Nancy W. W a l l s i n h e r l a b o r a t o r y a t t h e E n g i n e e r i n g E x p e r i m e n t S t a t i o n , 
Geo rg i a I n s t i t u t e of T e c h n o l o g y . 
P r o d u c t i o n o f Spores 
I - 8 G - F S t r a i n 
S p o r e s of t h e I - 8 G - F s t r a i n were p r o d u c e d i n Type C Toxin 
Medium ( s e e Appendix A) a d j u s t e d t o pH 7 . 6 w i t h ION NaOH p r i o r t o a u t o -
c l a v i n g . One p e r c e n t d e x t r o s e was added a s a 20 p e r c e n t s t e r i l e s o l u ­
t i o n a f t e r t h e medium had b e e n a u t o c l a v e d . S t a r t i n g w i t h a f r o z e n 
s t o c k c u l t u r e , a 10 p e r c e n t i n o c u l a t i o n was made i n t o cooked meat 
medium ( D i f c o - s e e Appendix A ) , a t i n t e r v a l s of t h r e e d a y s , f o r two 
s u c c e s s i v e t r a n s f e r s . The c u l t u r e s we re i n c u b a t e d a t 30 C. A f t e r t h e 
s econd i n c u b a t i o n p e r i o d , a 10 p e r c e n t inocu lum was t r a n s f e r r e d i n t o t h e 
Type C Tox in Medium, and t h e r e s u l t i n g c u l t u r e i n c u b a t e d a t 30 C f o r 
1 2 days b e f o r e t h e s p o r e s we re h a r v e s t e d . 
C r a i g S t r a i n 
One m i l l i l i t e r of s p o r e s t o c k of t h e C r a i g s t r a i n was i n o c u l a t e d 
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i n t o 30 ml of cooked meat medium. T h i s c u l t u r e medium was i n c u b a t e d a t 
25 C f o r 3 d a y s . A b i p h a s i c medium f o r s p o r e p r o d u c t i o n o f t h e C r a i g 
s t r a i n was p r e p a r e d a s f o l l o w s : 1200 ml o f T r y p t i c a s e Soy Agar (BBL-
s e e Append ix A) was p r e p a r e d i n a 3200 ml m o d i f i e d F e r n b a c h f l a s k , 
a u t o c l a v e d f o r 1 5 m i n u t e s a t 1 5 l b s p r e s s u r e , and a l l o w e d t o s o l i d i f y . 
The g e l l e d a g a r was o v e r l a i d w i t h 500 ml of s t e r i l e T r y p t i c a s e Soy 
B r o t h (BBL-see Append ix A ) . The l i q u i d p o r t i o n of t h e 30 ml cooked 
meat c u l t u r e was a s e p t i c a l l y w i t h d r a w n from t h e meat p a r t i c l e s , and 
i n o c u l a t e d i n t o t h e b r o t h p h a s e of t h e b i p h a s i c medium. T h i s c u l t u r e 
was i n c u b a t e d a t 25 C f o r t h r e e days b e f o r e s p o r e s were h a r v e s t e d . 
H a r v e s t i n g of S p o r e s 
S i x s t e r i l e 250 ml c e n t r i f u g e b o t t l e s were f i l l e d w i t h a p p r o x i ­
m a t e l y 200 ml each o f medium c o n t a i n i n g c e l l s and s p o r e s . S e a l e d c e n ­
t r i f u g e c u p s , c o n t a i n i n g t h e b o t t l e s , we re t h e n spun a t k C f o r 30 
m i n u t e s a t 2000 rpm (1000 x g) i n an I n t e r n a t i o n a l r e f r i g e r a t e d c e n t r i ­
f u g e . * The l i q u i d p o r t i o n was d e c a n t e d , t h e s p o r e s r e s u s p e n d e d i n c o l d 
s t e r i l e d e i o n i z e d w a t e r , and p o o l e d i n a s m a l l screw cap E r l e n m e y e r f l a s k . 
The s p i n n i n g and c o l l e c t i n g p r o c e d u r e was r e p e a t e d u n t i l a l l t h e o r i g i n a l 
media h a d b e e n s p u n . The p o o l e d s p o r e s and c e l l s were t h e n d i s t r i b u t e d 
among f o u r b o t t l e s , and s u s p e n d e d i n c o l d s t e r i l e d e i o n i z e d w a t e r , 200 
ml p e r b o t t l e . T h i s s p i n n i n g a n d w a s h i n g p r o c e d u r e was r e p e a t e d t h r e e 
t i m e s , u n t i l a l l t h e s p o r e s and c e l l s were c o l l e c t e d and spun i n one 
b o t t l e . The p e l l e t was t h e n t r a n s f e r r e d t o a s t e r i l e 50 ml sc rew cap 
E r l e n m e y e r f l a s k c o n t a i n i n g g l a s s b e a d s , s u s p e n d e d i n a s m a l l amount of 
s t e r i l e d e i o n i z e d w a t e r , and t h e r e s u l t i n g s p o r e s t o c k r e f r i g e r a t e d . 
*IEC Model P R - 2 ; i n t e r n a t i o n a l Equipment C o . , Needham H t s . , M a s s . 
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Spore C l e a n i n g P r o c e d u r e 
Whenever a n e x p e r i m e n t was i n i t i a t e d w i t h a n a l i q u o t of t h e s p o r e 
s u s p e n s i o n i t was n e c e s s a r y t o remove a l l v e g e t a t i v e c e l l s and c e l l u l a r 
d e b r i s from t h e s a m p l e . The c l e a n i n g p r o c e d u r e i s a m o d i f i c a t i o n of 
G r e c z ' s method (Grecz e t a l . , 19&2) d e v e l o p e d by Mr. G. R. B e l l ( G e o r g i a 
I n s t i t u t e of T e c h n o l o g y , E n g i n e e r i n g Exper imen t S t a t i o n ) . The p r o c e d u r e 
a l t e r n a t e s s o n i c a t i o n w i t h d i g e s t i o n by t r y p s i n and lysozyme a t ^5 C. 
S t o c k s o l u t i o n s were p r e p a r e d a s f o l l o w s : 
T r y p s i n ( 1 : 2 5 0 ) D i f co - t o c o n t a i n 5 mg/ml s o l u t i o n 
Lysozyme (6000 t o 10 ,000 u n i t s / m g * ) - t o c o n t a i n 10 mg/ml s o l u t i o n 
These were f i l t e r - s t e r i l i z e d and k e p t u n d e r r e f r i g e r a t i o n . I n t o a 
s t e r i l e 1 5 0 ml b e a k e r were p l a c e d : 2 . 0 ml s p o r e s t o c k , 1 . 0 ml t r y p s i n 
s o l u t i o n , 1 . 0 ml lysozyme s o l u t i o n , and k6 ml c o l d s t e r i l e d e i o n i z e d 
w a t e r . The m i x t u r e was a l t e r n a t e l y s u b j e c t e d t o u l t r a s o n i c o s c i l l a t i o n 
a t 20 KC w i t h a B r o n w i l l B i o s o n i k I I I * * p r o b e a t a s e t t i n g of 6 7 , a n d 
i n c u b a t i o n i n a w a t e r b a t h a t ^5 C, a s f o l l o w s : 
1 . Son ic t r e a t m e n t 5 m i n u t e s 
2 . I n c u b a t i o n 20 m i n u t e s 
3 . Son ic t r e a t m e n t 5 m i n u t e s 
k. I n c u b a t i o n 30 m i n u t e s 
5 . Son ic t r e a t m e n t 5 m i n u t e s 
6. I n c u b a t i o n 1 h o u r 
7 . Son ic t r e a t m e n t 5 m i n u t e s 
D u r i n g s o n i c d i s r u p t i o n s t e r i l e f o i l c o v e r e d t h e b e a k e r a n d t h e p r o b e 
* N u t r i t i o n a l B i o c h e m i c a l C o r p . , C l e v e l a n d , O h i o . 
* * B r o n w i l l S c i e n t i f i c , R o c h e s t e r , New York . 
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was i n s e r t e d t h r o u g h an o p e n i n g i n t h e f o i l . A f t e r c o m p l e t i o n of t h e 
l a s t s o n i c o s c i l l a t i o n t r e a t m e n t , t h e m i x t u r e was spun down a t k C a t 
15,000 rpm (25,000 x g) f o r 5 m i n u t e s i n a n I n t e r n a t i o n a l r e f r i g e r a t e d 
c e n t r i f u g e * . The s u p e r n a t a n t l i q u i d was d e c a n t e d and t h e s p o r e s washed 
i n c o l d s t e r i l e d e i o n i z e d w a t e r and spun down s u c c e s s i v e l y t h r e e t i m e s . 
To r i d t h e s p o r e s u s p e n s i o n of v e g e t a t i v e c e l l s , an e q u a l p o r t i o n of 
95 p e r c e n t e t h a n o l was added and t h e s p o r e s u s p e n s i o n a l l o w e d t o s i t a t 
room t e m p e r a t u r e f o r one h o u r , w i t h o c c a s i o n a l a g i t a t i o n . A g a i n , t h e 
s p o r e s we re washed t h r e e t i m e s w i t h c o l d s t e r i l e d e i o n i z e d w a t e r , 
s p i n n i n g a f t e r e a c h w a s h i n g a t 15,000 rpm (25,000 x g) f o r 5 m i n u t e s . 
The s p o r e s were t h e n r e s u s p e n d e d i n a s l i t t l e c o l d s t e r i l e d e i o n i z e d 
w a t e r a s p o s s i b l e and s t o r e d i n a s t e r i l e c o n t a i n e r w i t h g l a s s b e a d s , 
a t k C. 
I r r a d i a t i o n P r o c e d u r e 
A c l e a n e d s p o r e s t o c k was d i l u t e d 1:10 w i t h s t e r i l e S o r e n s o n ' s 
p h o s p h a t e b u f f e r ( s e e Append ix A) a t pH 7.0. Ten ml of t h e d i l u t e d s p o r e 
s u s p e n s i o n was p l a c e d i n each of two 15 x 125 mm screw cap c u l t u r e t u b e s . 
The t u b e s were k e p t immersed i n a w a t e r and i c e m i x t u r e a t 0 C b e f o r e , 
d u r i n g , and a f t e r i r r a d i a t i o n u n t i l i n o c u l a t e d i n t o t h e medium c h o s e n 
f o r t h e e x p e r i m e n t . The t u b e s c o n t a i n i n g t h e s p o r e s u s p e n s i o n we re s u b ­
j e c t e d t o 0.0, 0 .1 , and 0.2 Mrad i r r a d i a t i o n i n t h e c e n t e r w e l l of a 
c e s i u m s o u r c e h a v i n g a u n i f o r m r a d i a t i o n f i e l d * * . The ces ium-137 gamma 
r a d i a t i o n s o u r c e a t t h e G e o r g i a I n s t i t u t e of Techno logy was u s e d . The 
sample s were e q u i d i s t a n t from t h e ces ium-137 r o d s and t h i s a s s u r e d 
* Model B-20; I n t e r n a t i o n a l Equipment C o r p . , Needham H e i g h t s , M a s s a c h u s e t t s . 
**The r a d i a t i o n s o u r c e i s a 12,000c ces ium-137 s o u r c e l o c a t e d a t Georg ia 
Tech i n t h e Emerson B u i l d i n g . 
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e q u i v a l e n t r a d i a t i o n d o s a g e t o a l l s a m p l e s . The a v e r a g e d o s e r a t e was 
1 . 1 Mrad p e r h o u r a s measu red by b o t h f e r r o u s i o n o x i d a t i o n and Dupont 
MSC-300 l i g h t b l u e c e l l o p h a n e d o s i m e t e r s . 
Growth Medium 
The g r o w t h medium u s e d a f t e r i r r a d i a t i o n was f r e s h l y p r e p a r e d 
s t e r i l e T r y p t i c a s e Soy B r o t h ( s e e Append ix A) c o n t a i n e d i n 300 ml Nephelo 
c u l t u r e f l a s k s ( B e l l c o ) . When i t had c o o l e d a f t e r a u t o c l a v i n g , t o 2kk 
ml of medium i n each f l a s k was added 6 ml of f i l t e r - s t e r i l e 20 p e r c e n t 
r i b o s e . P r i o r t o i n o c u l a t i o n , t h e medium was e q u i l i b r a t e d f o r two 
h o u r s a t 10 C, 25 C, o r 30 C. A 1 p e r c e n t (by volume) inocu lum of s p o r e 
s u s p e n s i o n was t h e n a d d e d t o d u p l i c a t e f l a s k s f o r each r a d i a t i o n l e v e l 
( 0 . 0 , 0 . 1 , o r 0 .2 M r a d ) . The p u r p o s e was t o a c h i e v e a f i n a l s p o r e c o n ­
c e n t r a t i o n i n t h e g rowth medium t h a t would be u n i f o r m f o r t h e u n i r r a d i a t e d 
a n d t h e i r r a d i a t e d s a m p l e s . The e f f e c t of i r r a d i a t i o n on s p o r e o u t g r o w t h 
and t o x i n p r o d u c t i o n a t two t e m p e r a t u r e s ( 10 C and 30 C f o r I - 8 G - F ; 1 0 C 
and 25 C f o r C r a i g ) was t h e n s t u d i e d . 
Growth Measurements 
B a c t e r i a l g rowth was d e t e r m i n e d b y m e a s u r i n g t u r b i d i t y a t a w a v e ­
l e n g t h of 600 nm on a Bausch and Lomb " S p e c t r o n i c 20" c o l o r i m e t e r * . The 
c o l o r i m e t e r was a d j u s t e d t o i n d i c a t e z e r o o p t i c a l d e n s i t y w i t h a s t e r i l e 
b l a n k of t h e g rowth medium. The d e t e r m i n a t i o n of b a c t e r i a l g rowth b y 
t h i s method gave a r e l a t i v e v a l u e r a t h e r t h a n a n a b s o l u t e q u a n t i t a t i o n 
of c e l l s p e r u n i t vo lume . Growth was a l s o f o l l o w e d m i c r o s c o p i c a l l y by 
means of s t a i n e d smears ( s e e Append ix A) t o d e t e r m i n e t h e p o i n t a t w h i c h 
*Bausch & Lomb, I n c . , R o c h e s t e r , New York . 
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t h e s p o r e s c e a s e d t a k i n g up m a l a c h i t e g r e e n dye and became p e r m e a b l e t o 
m e t h y l e n e b l u e d y e , and t o c o r r e l a t e t h e m o r p h o l o g i c a l s t a t e of c e l l s 
w i t h d i f f e r e n t o p t i c a l d e n s i t y r e a d i n g s . 
Tox in T i t r a t i o n 
Tox in was a s s a y e d by t h e s t a n d a r d mouse b i o a s s a y p r o c e d u r e u s i n g 
1 3 t o l 8 g , ma le o r f e m a l e , ICR s t r a i n w h i t e mice i n j e c t e d i n t r a p e r i -
t o n e a l l y w i t h 0 . 5 ml o f c e n t r i f u g e d c u l t u r e s u p e r n a t a n t f l u i d s e r i a l l y 
d i l u t e d i n pH 7 . 0 g e l a t i n d i l u e n t ( s e e Append ix A ) . Tox in l e v e l s were 
e s t i m a t e d by u t i l i z i n g two mice p e r d i l u t i o n and e x p r e s s e d a s L D - ^ ' s . 
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T r y p s i n i z a t i o n P r o c e d u r e 
Bo th t r y p s i n a c t i v a t e d and u n t r y p s i n i z e d c u l t u r e s u p e r n a t a n t s 
we re t e s t e d f o r t o x i c i t y . A c u l t u r e s u p e r n a t a n t f r a c t i o n was a d j u s t e d 
t o pH 6 . 0 and t h e n t r y p s i n i z e d by i n c u b a t i n g 1 .6 ml of t h e s u p e r n a t a n t 
f r a c t i o n w i t h 0 . 4 ml of a 5 p e r c e n t s o l u t i o n of Di fco 1 : 2 5 0 t r y p s i n a t 
pH 6 . 0 i n a 3 7 C w a t e r b a t h f o r one h o u r (Duff e t a l . , 1 9 5 6 ) . 
Spore T i t r a t i o n 
The p a r a m e t e r f o r v i a b i l i t y of s p o r e s a f t e r i r r a d i a t i o n was t h e i r 
a b i l i t y t o form c o l o n i e s . The s p o r e c o n c e n t r a t i o n of t h e I - 8 G - F s t r a i n 
was d e t e r m i n e d by s e r i a l l y d i l u t i n g t h e s p o r e s u s p e n s i o n i n 0 . 1 p e r c e n t 
p e p t o n e w a t e r ( s e e Append ix A) and i n o c u l a t i n g t r i p l i c a t e s ample s o f 
a p p r o p r i a t e d i l u t i o n s i n t o 2 5 ml volumes of f r e s h l y p r e p a r e d p o r k i n ­
f u s i o n medium ( s e e Append ix A) i n m o d i f i e d a g a r s l a n t t u b e s . These 
were r o t a t e d b e t w e e n t h e h a n d s t o i n s u r e u n i f o r m m i x i n g , r a p i d l y c o o l e d 
i n a n i c e - w a t e r b a t h , and s e a l e d w i t h a p l u g c o n t a i n i n g 2 p e r c e n t a g a r 
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( D i f c o ) and 0 . 1 p e r c e n t sodium t h i o g l y c o l l a t e ( D i f c o ) . The t u b e s were 
i n c u b a t e d a t 30 C f o r 7 d a y s . Spore c o n c e n t r a t i o n was d e t e r m i n e d b y 
c o u n t i n g t h o s e t u b e s c o n t a i n i n g b e t w e e n 10-200 c o l o n i e s and t h e n 
m u l t i p l y i n g by t h e d i l u t i o n f a c t o r . 
The v i a b i l i t y of C r a i g s p o r e s a f t e r i r r a d i a t i o n was d e t e r m i n e d 
i n t h e same manner a s e l u c i d a t e d above e x c e p t t h a t S c h m i d t ' s c o u n t i n g 
medium ( s e e Append ix A) was employed i n p l a c e of t h e p o r k i n f u s i o n 
medium. The t u b e s we re i n c u b a t e d a t 25 C f o r 36-^-8 h o u r s b e f o r e c o u n t i n g . 
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CHAPTER I I I 
RESULTS 
I . P r o t e o l y t i c C l o s t r i d i u m b o t u l i n u m Type F ( S t r a i n I - 8 G - F ) : Growth and 
Toxin P r o d u c t i o n a f t e r I r r a d i a t i o n a t 0 . 0 , 0 . 1 , o r 0 . 2 Megarad. 
A. Growth and Toxin P r o d u c t i o n a t 3 0 C. 
F i g u r e s 1 , 2 , and 3 show t h e r e s u l t s of e x p e r i m e n t number one 
on g rowth r e s p o n s e and t o x i n p r o d u c t i o n i n t r y p t i c a s e soy b r o t h a t 30 C 
of s p o r e s i r r a d i a t e d w i t h 0 . 0 , 0 . 1 , o r 0 . 2 megarad of ce s ium 1 3 7 gamma 
i r r a d i a t i o n . A p p r o x i m a t e l y 1 2 h o u r s a f t e r i n o c u l a t i o n i n t o t r y p t i c a s e 
soy b r o t h , t h e s p o r e s of a l l t h r e e c u l t u r e s showed s i g n s of g e r m i n a t i o n . 
T h i s was d e t e r m i n e d by m i c r o s c o p i c e x a m i n a t i o n of s p o r e s t a i n s which 
showed t h a t t h e s p o r e s g r a d u a l l y l o s t t h e a b i l i t y t o t a k e up m a l a c h i t e 
g r e e n and began t o t a k e up m e t h y l e n e b l u e s t a i n a round t h e i r edges a s 
s een t h r o u g h t h e o i l immers ion l e n s . An o c c a s i o n a l v e g e t a t i v e c e l l 
was a l s o o b s e r v e d a t t h i s t i m e . As shown i n T a b l e 1 , o u t g r o w t h became 
e v i d e n t b y i n c r e a s e d o p t i c a l d e n s i t y r e a d i n g s a t 1 3 h r f o r t h e u n i r r a d i ­
a t e d and 0 . 1 megarad i r r a d i a t e d c u l t u r e s and a t 1 5 h r f o r t h e 0 . 2 megarad 
i r r a d i a t e d c u l t u r e . 
At t h e end of t h e l a g p h a s e , a l l t h r e e c u l t u r e s a p p e a r e d t o e n t e r 
a no rma l l o g a r i t h m i c g rowth p h a s e . The l o g a r i t h m i c g rowth p h a s e i n t h e 
u n i r r a d i a t e d and 0 . 1 megarad i r r a d i a t e d c u l t u r e s c o n t i n u e d f o r t h e n e x t 
1 9 h r and b o t h c u l t u r e s r e a c h e d t h e s t a t i o n a r y g rowth p h a s e 3 1 h r a f t e r 
i n o c u l a t i o n . T h i s s t a t i o n a r y g rowth p h a s e l a s t e d 5 h r i n b o t h c u l t u r e s ; 
b o t h began t o a u t o l y z e a f t e r 3 6 h r of i n c u b a t i o n . I n t h e 0 . 2 megarad 
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Figure 1 . Growth and Toxin Product ion o f U n i r r a d i a t e d Spores o f C l o s t r i d i u m 
botul inum Type F, S t r a i n I-8G-F i n T r y p t i c a s e Soy Broth a t 30 C 
(Experiment l ) . ro 
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F i g u r e 2. E f f e c t of 0 . 1 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n o f S p o r e s o f C l o s t r i d i u m b o t u l i n u m Type F, 
S t r a i n I -8G-F i n T r y p t i c a s e Soy B r o t h a t 30 C ( E x p e r i m e n t l ) . ro 
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F i g u r e 3- E f f e c t o f 0.2 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n o f S p o r e s o f C l o s t r i d i u m b o t u l i n u m Type F, 
S t r a i n I -8G-F i n T r y p t i c a s e Soy B r o t h a t 30 C ( E x p e r i m e n t l ) . 
ro 
28 
T a b l e 1 . Summary of G e r m i n a t i o n Times f o r 0 . 0 , 0 . 1 , and 0 .2 Megarad Doses 
of Gamma I r r a d i a t i o n i n E x p e r i m e n t s on C l o s t r i d i u m b o t u l i n u m 
Type F , S t r a i n I -8G-F I n c u b a t e d a t 30 C. 
E x p e r i m e n t G e r m i n a t i o n Time i n Hours 
Number 0.0 Megarad 0 . 1 Megarad 0 .2 Megarad 
One 1 3 1 3 1 3 
Two 1 6 1 6 1 9 
T h r e e 1 6 1 5 lh 
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i r r a d i a t e d c u l t u r e , t h e l o g a r i t h m i c g rowth p h a s e c o n t i n u e d f o r 18 h r , 
t h e c u l t u r e r e a c h i n g s t a t i o n a r y g rowth p h a s e a f t e r 32 h r of i n c u b a t i o n . 
I t s s t a t i o n a r y g rowth p h a s e l a s t e d o n l y h h r so t h a t t h i s c u l t u r e 
a l s o began a u t o l y z i n g a f t e r 36 h r i n c u b a t i o n . T a b l e 2 shows t h a t t h e 
maximal o p t i c a l d e n s i t y r e a c h e d was somewhat l e s s i n t h e u n i r r a d i a t e d 
and 0 . 1 megarad i r r a d i a t e d c u l t u r e s t h a n i n t h e 0 .2 megarad i r r a d i a t e d 
c u l t u r e . 
I n a l l t h r e e c u l t u r e s m e a s u r a b l e t o x i n f i r s t a p p e a r e d i n t h e 
c u l t u r e s u p e r n a t e s a t 36 h r ; i . e . , a t t h e b e g i n n i n g of a u t o l y s i s . A f t e r 
i n i t i a l a p p e a r a n c e , t o x i n t i t e r s were i d e n t i c a l t h r o u g h t h e kOth h r of 
i n c u b a t i o n f o r a l l t h r e e c u l t u r e s . At kk h r t h e 0 . 1 megarad i r r a d i a t e d 
c u l t u r e e x h i b i t e d a h i g h e r t o x i n t i t e r t h a n t h e u n i r r a d i a t e d and t h e 0 . 2 
megarad i r r a d i a t e d c u l t u r e s . At hQ h r t o x i n t i t e r s were a g a i n i d e n t i c a l 
i n a l l t h r e e c u l t u r e s . From 52 h r t h r o u g h l6h h r , e i t h e r one o r b o t h 
of t h e i r r a d i a t e d c u l t u r e s e x h i b i t e d e l e v a t e d t o x i n t i t e r s o v e r t h a t of 
t h e u n i r r a d i a t e d c o n t r o l c u l t u r e ( F i g u r e s 1 , 2 , and 3 ) . 
F i g u r e s k, 5? and 6 show t h e r e s u l t s o b t a i n e d i n a n o t h e r e x p e r i ­
ment ( e x p e r i m e n t number 3 ) on g rowth r e s p o n s e and t o x i n p r o d u c t i o n a t 
30 C o f t h e I -8G-F s t r a i n . These d a t a c o r r o b o r a t e t h e d a t a o b t a i n e d i n 
t h e f i r s t e x p e r i m e n t . S p o r e s of a l l t h r e e c u l t u r e s showed s i g n s of 
g e r m i n a t i o n a b o u t 1 2 h r a f t e r i n o c u l a t i o n i n t o TSB. Outgrowth was 
d e t e c t e d c o l o r i m e t r i c a l l y a t lh h o u r s f o r t h e 0 . 2 megarad i r r a d i a t e d 
c u l t u r e , a t 1 5 h o u r s f o r t h e 0 . 1 megarad i r r a d i a t e d c u l t u r e , and a t 
1 6 h o u r s f o r t h e u n i r r a d i a t e d c o n t r o l c u l t u r e ( s e e Tab le l ) . A l l 
t h r e e c u l t u r e s t h e n a p p e a r e d t o e n t e r a normal l o g a r i t h m i c g rowth p h a s e . 
The l o g a r i t h m i c g rowth p h a s e c o n t i n u e d f o r 1 7 h o u r s i n t h e 0 . 2 megarad 
30 
Table 2. Maximum Absorbance and LD__ Obtained i n Experiments on 
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C l o s t r i d i u m botu l inum Type F , S t r a i n I-8G-F Incubated a t 30 C. 
I n i t i a l Maxi-
Age of Appearance mum Age o f 
R a d i a t i o n Experiment Maximum 0D Cul ture of Toxin ^ D C Q Cu l ture 
Dosage Number Obtained ( H r s . ) ( H r s . ) Toxin ( H r s . ) 
( x l O - 4 ) 
0.0 Me£ 2;arad 1. 1.22 31 36 1.00 164 
2. 2.00 44 28 1.00 64 
3. 1.30 4i 2h 0.10 44 
0.1 Me£ s;arad 1. 1.22 31 36 5.00 116 
2. 2.00 44 28 5.00 68 CO
 i . 4o 36 2h 0.20 64 
0.2 Me£ 2;arad 1. 1.30 32 36 5.00 164 
2. 1.50 52 28 10.00 72 
3. i . 4o 3h 28 0.20 64 
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F i g u r e k. Growth and Toxin P r o d u c t i o n o f U n i r r a d i a t e d S p o r e s o f C l o s t r i d i u m 
b o t u l i n u m Type F, S t r a i n I -8G-F i n T r y p t i c a s e Soy B r o t h a t 30 C 
( E x p e r i m e n t 3 ) • 
00 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 
AGE OF CULTURE IN HOURS 
Figure 5 . E f f e c t o f 0 . 1 Megarad o f Ces ium-137 Gamma I r r a d i a t i o n on Growth 
and Toxin Product ion o f Spores o f C l o s t r i d i u m botul inum Type F, 
S t r a i n I-8G-F i n T r y p t i c a s e Soy Broth a t 30 C (Experiment 3 ) . 
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F i g u r e 6. E f f e c t o f 0 .2 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n o f S p o r e s o f C l o s t r i d i u m b o t u l i n u m Type F, 
S t r a i n I -8G-F i n T r y p t i c a s e Soy B r o t h a t 30 C ( E x p e r i m e n t 3 ) . 
u> 
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i r r a d i a t e d c u l t u r e , 19 h o u r s i n t h e 0.1 megarad i r r a d i a t e d c u l t u r e , and 
2k h o u r s i n t h e u n i r r a d i a t e d c o n t r o l c u l t u r e , r e a c h i n g s t a t i o n a r y g rowth 
p h a s e a f t e r 31? 3^, and kO h o u r s i n c u b a t i o n , r e s p e c t i v e l y . The s t a t i o n a r y 
g rowth p h a s e l a s t e d k h o u r s f o r t h e u n i r r a d i a t e d and t h e 0.1 megarad 
i r r a d i a t e d c u l t u r e s w i t h a u t o l y s i s b e g i n n i n g a t kk h o u r s and 38 h o u r s , 
r e s p e c t i v e l y . The 0.2 megarad i r r a d i a t e d c u l t u r e r e m a i n e d i n s t a t i o n a r y 
g rowth p h a s e f o r 5 h o u r s w i t h a u t o l y s i s b e g i n n i n g a t 36 h o u r s . T a b l e 
2 shows t h a t t h e maximal o p t i c a l d e n s i t y r e a c h e d was somewhat l e s s i n 
t h e u n i r r a d i a t e d c o n t r o l c u l t u r e t h a n i n t h e u n i r r a d i a t e d c u l t u r e s . 
Toxin was f i r s t d e t e c t e d a t 2k h r f o r b o t h t h e u n i r r a d i a t e d con­
t r o l c u l t u r e and t h e 0.1 megarad i r r a d i a t e d c u l t u r e and a t 28 h r f o r t h e 
0.2 megarad i r r a d i a t e d c u l t u r e . S l i g h t l y e l e v a t e d t o x i n t i t e r s were 
e x h i b i t e d i n t h e i r r a d i a t e d c u l t u r e s o v e r t h o s e of t h e u n i r r a d i a t e d con­
t r o l c u l t u r e s a f t e r 36, kO, 56, 6k, 68, 72, and l6k h r i n c u b a t i o n 
( F i g u r e s k, 5? and 6) . Toxin t i t e r d e t e r m i n a t i o n s a t t h e o t h e r s a m p l i n g 
p o i n t s y i e l d e d e q u a l t o x i n t i t e r s i n a l l t h r e e c u l t u r e s . 
F i g u r e s 7? 8, and 9 show t h e r e s u l t s o f a t h i r d r e p l i c a t e of t h i s 
e x p e r i m e n t ( e x p e r i m e n t number 2) on t h e g rowth r e s p o n s e and t o x i n p r o d u c ­
t i o n a t 30 C o f i r r a d i a t e d c u l t u r e s and an u n i r r a d i a t e d c o n t r o l c u l t u r e 
of C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n I - 8 G - F . These d a t a i l l u s t r a t e 
a phenomenon n o t o b s e r v e d i n t h e o t h e r two e x p e r i m e n t s w i t h t h e I - 8 G - F 
s t r a i n . The u n i r r a d i a t e d and 0.1 megarad i r r a d i a t e d c u l t u r e s e n t e r e d 
l o g a r i t h m i c g rowth p h a s e l6 h r a f t e r i n o c u l a t i o n , t h e 0.2 megarad c u l ­
t u r e a t 19 h r ( s e e T a b l e l ) . I n c o n t r a s t t o t h e r e s p o n s e s een i n t h e 
o t h e r e x p e r i m e n t s , however , 9 "to 12 h r a f t e r e n t e r i n g t h e l o g a r i t h m i c 
g rowth p h a s e a l l t h r e e c u l t u r e s underwent p a r t i a l l y s i s . An a d d i t i o n a l 
35 
F i g u r e 7- Growth and Tox in P r o d u c t i o n o f U n i r r a d i a t e d S p o r e s o f C l o s t r i d i u m 
b o t u l i n u m Type F, S t r a i n I-*8G-F i n T r y p t i c a s e Soy B r o t h a t 30 C 
( E x p e r i m e n t 2 ) . 
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F i g u r e 8. E f f e c t o f 0 . 1 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n o f S p o r e s o f C l o s t r i d i u m b o t u l i n u m Type F, 
S t r a i n I -8G-F i n T r y p t i c a s e Soy B r o t h a t 30 C ( E x p e r i m e n t 2 ) . 
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F i g u r e 9' E f f e c t o f 0 .2 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n o f S p o r e s o f C l o s t r i d i u m b o t u l i n u m Type F, 
S t r a i n I - 8 G - F i n T r y p t i c a s e Soy B r o t h a t 30 C ( E x p e r i m e n t 2 ) . 
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7 t o lh h o u r s were r e q u i r e d f o r t h e t h r e e c u l t u r e s t o r e a c h t h e same 
o p t i c a l d e n s i t i e s o b s e r v e d b e f o r e t h e l y t i c phenomenon o c c u r r e d . The 
maximal o p t i c a l d e n s i t i e s r e a c h e d i n t h e u n i r r a d i a t e d and 0 . 1 megarad 
i r r a d i a t e d c u l t u r e s were h i g h e r t h a n t h a t r e a c h e d by t h e 0 . 2 megarad 
i r r a d i a t e d c u l t u r e ( s e e T a b l e 2 ) . A u t o l y s i s o c c u r r e d a t kk h r f o r t h e 
u n i r r a d i a t e d c o n t r o l , a t 4 5 h r f o r t h e 0 . 1 megarad i r r a d i a t e d c u l t u r e , 
and a t 5 2 h r f o r t h e 0 . 2 megarad i r r a d i a t e d c u l t u r e . 
Toxin was d e t e c t e d i n a l l t h r e e c u l t u r e s 28 h r a f t e r i n o c u l a t i o n 
i n t o t h e g rowth medium. Maximal t o x i n t i t e r s were a t t a i n e d a f t e r 64, 
6 8 , and 72 h r i n c u b a t i o n f o r t h e u n i r r a d i a t e d , 0 . 1 megarad i r r a d i a t e d 
c u l t u r e , and 0 . 2 megarad i r r a d i a t e d c u l t u r e , r e s p e c t i v e l y ( s e e T a b l e 
2 ) . The t o x i n t i t e r s were c o n s i s t e n t l y h i g h e r i n t h e i r r a d i a t e d c u l ­
t u r e s t h a n i n t h e u n i r r a d i a t e d c o n t r o l c u l t u r e and t h e e l e v a t e d t o x i n 
t i t e r s p e r s i s t e d i n t h e i r r a d i a t e d c u l t u r e s o v e r a 1 8 2 h r p e r i o d . 
B. Growth and Toxin P r o d u c t i o n a t 1 0 C. 
C u l t u r e s of C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n I - 8 G - F , i n c u b a t e d 
a t 1 0 C a f t e r i r r a d i a t i o n and o b s e r v e d f o r g rowth r e s p o n s e and t o x i n 
p r o d u c t i o n , gave n e g a t i v e r e s u l t s . No g rowth of t h e u n i r r a d i a t e d c o n t r o l 
c u l t u r e o r t h e i r r a d i a t e d c u l t u r e s was d e t e c t e d c o l o r i m e t r i c a l l y d u r i n g 
i n c u b a t i o n a t 1 0 C f o r 3 0 days and no t o x i n was d e m o n s t r a b l e i n t h e 1 0 C 
c u l t u r e s w i t h o r w i t h o u t t r y p s i n a c t i v a t i o n . 
I I . N o n - P r o t e o l y t i c C l o s t r i d i u m b o t u l i n u m Type F ( S t r a i n C r a i g ) : Growth 
and Toxin P r o d u c t i o n a f t e r I r r a d i a t i o n a t 0 . 0 , 0 . 1 , o r 0 . 2 Megarad . 
A. Growth and Toxin P r o d u c t i o n a t 25 C. 
F i g u r e s 1 0 , 1 1 , and 1 2 show t h e r e s u l t s o b t a i n e d ( e x p e r i m e n t 
number 4) on g rowth r e s p o n s e and t o x i n p r o d u c t i o n i n t r y p t i c a s e soy 
F i g u r e 1 0 . Growth and Toxin P r o d u c t i o n o f U n i r r a d i a t e d S p o r e s o f C l o s t r i d i u m 
b o t u l i n u m Type F, S t r a i n C r a i g i n T r y p t i c a s e Soy B r o t h a t 25 C 
( E x p e r i m e n t h). 
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F i g u r e 1 1 . E f f e c t o f 0 . 1 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n o f S p o r e s o f C l o s t r i d i u m "botulinum Type F ; 
S t r a i n C r a i g i n T r y p t i c a s e Soy B r o t h a t 25 C ( E x p e r i m e n t 4 ) . 
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F i g u r e 1 2 . E f f e c t o f 0 .2 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on Growth 
and Tox in P r o d u c t i o n of S p o r e s o f C l o s t r i d i u m b o t u l i n u m Type F, 
S t r a i n C r a i g i n T r y p t i c a s e Soy B r o t h a t 25 C ( E x p e r i m e n t k). 
H 
k2 
b r o t h a t 25 C of i r r a d i a t e d c u l t u r e s and an u n i r r a d i a t e d c o n t r o l c u l t u r e 
of t h e n o n - p r o t e o l y t i c C r a i g s t r a i n of C l o s t r i d i u m b o t u l i n u m t y p e F . 
The u n i r r a d i a t e d , 0 . 1 megarad i r r a d i a t e d , and 0 . 2 megarad i r r a d i a t e d 
c u l t u r e s of t h e C r a i g s t r a i n e n t e r e d t h e l o g a r i t h m i c g rowth p h a s e a t 
2 3 , 22 , and 2k h r , r e s p e c t i v e l y , a f t e r i n o c u l a t i o n i n t o t h e g rowth 
medium ( s e e T a b l e 3 ) . The u n i r r a d i a t e d c o n t r o l c u l t u r e c o n t i n u e d i n 
t h e l o g a r i t h m i c g rowth p h a s e f o r 1 8 h r , r e a c h e d a maximal o p t i c a l d e n s i t y 
of 0 . 5 0 , and began t o a u t o l y z e a f t e r hi h r of i n c u b a t i o n . The 0 . 1 
megarad i r r a d i a t e d c u l t u r e r e m a i n e d i n l o g a r i t h m i c g rowth p h a s e f o r 1 7 
h r , r e a c h i n g a maximal o p t i c a l d e n s i t y of 0 . 5 3 b e f o r e u n d e r g o i n g a u t o l ­
y s i s a f t e r 39 h r . The 0 . 2 megarad i r r a d i a t e d c u l t u r e r e a c h e d a maximal 
o p t i c a l d e n s i t y r e a d i n g of 0.h3 a f t e r 25 h r i n t h e l o g a r i t h m i c g rowth 
p h a s e and began t o a u t o l y z e a f t e r h$ h r of i n c u b a t i o n . 
Toxin was f i r s t d e t e c t e d i n t h e 0 . 1 megarad c u l t u r e a t hh h r , 
i n t h e 0 .2 megarad c u l t u r e a t 56 h r , and n o t u n t i l 1 6 2 h r i n t h e u n ­
i r r a d i a t e d c o n t r o l c u l t u r e ( s e e T a b l e k). H i g h e r t o x i n t i t e r s were con ­
s i s t e n t l y d e t e c t e d i n t h e i r r a d i a t e d c u l t u r e s and t h e s e p e r s i s t e d o v e r 
a 23h h r p e r i o d . T r y p s i n i z a t i o n a t pH 6.0 of t h e c u l t u r e s u p e r n a t a n t 
f r a c t i o n s d i d n o t r e s u l t i n e a r l i e r d e t e c t i o n of t o x i n . 
The r e s u l t s of a s econd e x p e r i m e n t ( e x p e r i m e n t number 5 ) a r e 
shown i n F i g u r e 1 3 , 1^-, and 1 5 and t h e s e d a t a c o r r o b o r a t e t h e d a t a 
o b t a i n e d p r e v i o u s l y . The c u l t u r e s from u n i r r a d i a t e d and i r r a d i a t e d 
s p o r e s r e m a i n e d i n l a g p h a s e more t h a n 22 h o u r s . The c u l t u r e s from un ­
i r r a d i a t e d and 0 . 1 megarad i r r a d i a t e d s p o r e s e n t e r e d t h e l o g a r i t h m i c 
g rowth p h a s e a t 23 h r a f t e r i n o c u l a t i o n i n t o t h e growth medium w h i l e 
t h e c u l t u r e from 0 .2 megarad i r r a d i a t e d s p o r e s e n t e r e d t h e l o g a r i t h m i c 
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T a b l e 3 . Summary of G e r m i n a t i o n Times f o r 0 .0 , 0 . 1 , and 0 .2 Megarad 
Doses of Gamma I r r a d i a t i o n i n E x p e r i m e n t s on C l o s t r i d i u m 
b o t u l i n u m Type F , S t r a i n C r a i g I n c u b a t e d a t 25 C. 
Expe r imen t G e r m i n a t i o n Time I n Hours 
Number 0.0 Megarad 0 . 1 Megarad 0 .2 Megarad 
F o u r 23 22 24 
F i v e 23 23 25 
kk 
T a b l e k. Maximum A b s o r b a n c e and LD,-~ O b t a i n e d i n E x p e r i m e n t s on 
5 0 
C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n C r a i g I n c u b a t e d a t 25 C. 
I n i t i a l Max i - Age of 
Age of A p p e a r a n c e mum LD.^ C u l -
j 0 
R a d i a t i o n E x p e r i m e n t Maximum OD C u l t u r e of Tox in of t u r e Dosage Number O b t a i n e d ( H r s . ) ( H r s . ) Tox in (Hrs 
0.0 Megarad k. 0 .50 kl 1 6 2 1 0 . 0 0 186 
5 . 0 . 23 37 186 5 .00 23^ 
0 . 1 Megarad k. 0 . 5 3 39 kk 20.00 23^ 
5 . 0 . 3 5 ko 52 50 .00 1 6 2 
0.2 Megarad k. 0.^3 k9 56 20 .00 186 
5 . 0 .20 ko 56 50 .00 2 1 0 
Figure 1 3 . Growth and Toxin Production of Unirradiated Spores of Clostridim 
"botulinum Type F, Strain Craig in Trypticase Soy Broth at 25 C 
(Experiment 5 ) . 
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Figure lh. E f f e c t of 0 . 1 Megarad of Cesium-137 Gamma I r r a d i a t i o n on Growth 
and Toxin Product ion of Spores o f C l o s t r i d i m botul inum Type F, 
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Figure 1 5. Effect of 0.2 Megarad of Cesium -137 Gamma Irradiation on Growth 
and Toxin Production of Spores of Clostridium "botulinum Type F, 
Strain Craig in Trypticase Soy Broth at 25 C (Experiment 5 ) . 
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g r o w t h p h a s e a f t e r 25 h r ( s e e T a b l e 3) . The u n i r r a d i a t e d c o n t r o l 
c u l t u r e c o n t i n u e d i n t h e l o g a r i t h m i c g rowth p h a s e f o r t h e n e x t ik h r 
r e a c h i n g a maximal o p t i c a l d e n s i t y of 0.23 and t h e n began t o a u t o l y z e 
a f t e r 37 h r . The 0.1 megarad and 0.2 megarad i r r a d i a t e d c u l t u r e s r e ­
ma ined i n t h e l o g a r i t h m i c g rowth p h a s e 17 and 16 h r , r e s p e c t i v e l y , 
r e a c h i n g o p t i c a l d e n s i t i e s of 0.35 and 0.20 b e f o r e u n d e r g o i n g a u t o l y s i s 
a f t e r kO and kl h r , r e s p e c t i v e l y . 
Toxin was f i r s t d e t e c t e d a t 52 h r i n t h e 0.1 megarad i r r a d i a t e d 
c u l t u r e and a t 56 h r i n t h e 0.2 megarad i r r a d i a t e d c u l t u r e . The u n ­
i r r a d i a t e d c o n t r o l c u l t u r e once a g a i n d i d n o t e x h i b i t t o x i n u n t i l t h e 
186 h r ( s e e T a b l e k). I n a d d i t i o n t o t h e e a r l i e r a p p e a r a n c e of t h e t o x i n 
i n t h e i r r a d i a t e d c u l t u r e s , t o x i n t i t e r s were a l s o c o n s i s t e n t l y h i g h e r 
i n t h e i r r a d i a t e d c u l t u r e s t h a n i n t h e u n i r r a d i a t e d c o n t r o l t h r o u g h o u t 
t h e e x p e r i m e n t . T r y p s i n a c t i v a t i o n a t pH 6.0 once a g a i n d i d n o t r e s u l t 
i n e a r l i e r d e t e c t i o n of t o x i n . 
B. Growth and Tox in P r o d u c t i o n a t 10 C. 
When t h e p o s t - i r r a d i a t i o n i n c u b a t i o n t e m p e r a t u r e of c u l t u r e s was 
10 C, s p o r e o u t g r o w t h of t h e C r a i g s t r a i n of C l o s t r i d i u m b o t u l i n u m 
t y p e F o c c u r r e d o n l y i n t h e u n i r r a d i a t e d and 0.1 megarad i r r a d i a t e d 
c u l t u r e s ( s e e F i g u r e l6) a l t h o u g h some s p o r e s d i d show s i g n s of g e r m i n a ­
t i o n i n t h e 0.2 megarad c u l t u r e , a s d e t e r m i n e d by m i c r o s c o p i c e x a m i n a t i o n . 
A maximal o p t i c a l d e n s i t y of 0.09 was r e a c h e d i n t h e 0.1 megarad i r r a d i ­
a t e d c u l t u r e a t 15 days w h i l e a maximal o p t i c a l d e n s i t y of 0.07 was 
a t t a i n e d i n t h e u n i r r a d i a t e d c o n t r o l c u l t u r e a f t e r 17 days i n c u b a t i o n 
( s e e T a b l e 5 ) . 
U n d i l u t e d c u l t u r e s u p e r n a t a n t from t h e 0.1 megarad i r r a d i a t e d 
Figure l6. Growth and Toxin Production.of Unirradiated and Irradiated Spores 
(0.1 Megarad of Cesium-137 Gamma Irradiation) of Clostridium 
botulinum Type F, Strain Craig in Trypticase Soy Broth at 10 C 
(Experiment h). ^ 
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Table 5 . Maximum Absorbance and LD.__ Obtained in Experiments on 
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0.0 Megarad k. 0 .07 1 7 1 5 5 .00 30 
5 . 0 .07 1 7 20 1 . 0 0 20 
0 . 1 Megarad h. 0.09 1 5 5 1 . 0 0 5 
5 . 0 . 1 0 1 7 10 1 . 0 0 1 0 
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c u l t u r e ( e x p e r i m e n t number h) c o n t a i n e d t o x i n a f t e r 5 d a y s , w h e r e a s 15 
days i n c u b a t i o n were r e q u i r e d b e f o r e t o x i n c o u l d be d e t e c t e d i n t h e 
u n i r r a d i a t e d c o n t r o l c u l t u r e . The low t o x i n l e v e l r e m a i n e d s t a b l e 
t h r o u g h 30 days i n t h e 0.1 megarad i r r a d i a t e d c u l t u r e . I n t h e u n i r r a d i ­
a t e d c o n t r o l c u l t u r e a s l i g h t i n c r e a s e i n t h e t o x i n t i t e r (LL\_- = 5) 
50 
was o b s e r v e d on t h e 30th day of i n c u b a t i o n ( s e e T a b l e 5 ) . 
I n t h e s econd e x p e r i m e n t ( e x p e r i m e n t number 5) on t h e C r a i g 
s t r a i n a t 10 C, s p o r e o u t g r o w t h once a g a i n o c c u r r e d o n l y i n t h e u n i r r a d i ­
a t e d and t h e 0.1 megarad i r r a d i a t e d c u l t u r e s ( s e e F i g u r e 17) a l t h o u g h 
some s p o r e s d i d show s i g n s of g e r m i n a t i o n i n t h e 0.2 megarad i r r a d i a t e d 
c u l t u r e , a s d e t e r m i n e d by m i c r o s c o p i c e x a m i n a t i o n . The h i g h e s t o p t i c a l 
d e n s i t y r e a d i n g (0.10) was r e a c h e d a t 17 days i n t h e 0.1 megarad i r r a d i ­
a t e d c u l t u r e . The u n i r r a d i a t e d c o n t r o l c u l t u r e a t t a i n e d a p e a k o p t i c a l 
d e n s i t y of 0.07 a t 17 days ( s e e Tab le 5) . 
U n d i l u t e d c u l t u r e s u p e r n a t a n t from t h e 0.1 megarad i r r a d i a t e d 
c u l t u r e c o n t a i n e d t o x i n a f t e r 10 days i n c u b a t i o n a t 10 C. Twenty days 
i n c u b a t i o n were r e q u i r e d b e f o r e t o x i n was d e t e c t e d i n t h e u n i r r a d i a t e d 
c o n t r o l c u l t u r e . T h i s t o x i n l e v e l p e r s i s t e d t h r o u g h 30 days i n b o t h 
c u l t u r e s ( s e e F i g u r e 1 7 ) . 
I I I . S u r v i v a l of S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F ( I - 8 G - F and 
C r a i g ) S u b j e c t e d t o 0.0, 0 .1 , o r 0.2 Megarad Doses of Gamma I r r a d i a t i o n . 
An e x p e r i m e n t was p e r f o r m e d t o a s s a y t h e number o f s p o r e s c a p a b l e 
o f o u t g r o w t h and m a c r o s c o p i c a l l y v i s i b l e c o l o n y f o r m a t i o n i m m e d i a t e l y 
a f t e r i r r a d i a t i o n . T h i s was done t o t e s t t h e p o s s i b i l i t y t h a t t h e 
i n c r e a s e d c e l l mass of t h e i r r a d i a t e d c u l t u r e s m i g h t b e due t o g r e a t e r 
i n i t i a l numbers of s p o r e s g e r m i n a t i n g b e c a u s e of an a c t i v a t i o n e f f e c t 
0 . 3 
o UNIRRADIATED CONTROL 
AGE OF CULTURE IN DAYS 
F i g u r e 1 7 • Growth and Toxin P r o d u c t i o n o f U n i r r a d i a t e d and I r r a d i a t e d S p o r e s 
( 0 . 1 Megarad o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n ) of C l o s t r i d i u m 
b o t u l i n u m Type F, S t r a i n C r a i g i n T r y p t i c a s e Soy B r o t h a t 1 0 C 
( E x p e r i m e n t 5 ) • 
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of t h e gamma i r r a d i a t i o n . F i g u r e 1 8 shows t h e c o l o n y c o u n t s f o r t h e 
t h r e e i r r a d i a t i o n e x p e r i m e n t s on t h e I -8G-F s t r a i n . At t h e l e v e l s o f 
i r r a d i a t i o n u s e d , t h e number of s p o r e s c a p a b l e of g e r m i n a t i o n and s u b ­
s e q u e n t o u t g r o w t h was u n c h a n g e d . 
F i g u r e 1 9 shows t h e c o l o n y c o u n t s f o r t h e two i r r a d i a t i o n e x p e r i ­
men t s u s i n g t h e C r a i g s t r a i n o f C l o s t r i d i u m b o t u l i n u m t y p e F . At t h e 
l e v e l s of r a d i a t i o n u s e d , t h e 0 . 1 megarad dose c a u s e d an a c t i v a t i o n 
phenomenon w h i l e t h e 0 . 2 megarad dose r e s u l t e d i n an a p p r e c i a b l e r e d u c ­
t i o n i n v i a b l e s p o r e s . Th i s was r e f l e c t e d i n t h e g r o w t h r e s p o n s e s o f 
t h e s e c u l t u r e s . The 0 . 1 megarad i r r a d i a t e d c u l t u r e s e x h i b i t e d con­
s i s t e n t l y h i g h e r o p t i c a l d e n s i t y r e a d i n g s t h a n t h e u n i r r a d i a t e d c o n t r o l 
c u l t u r e s w h i l e t h e 0 . 2 megarad i r r a d i a t e d c u l t u r e s e x h i b i t e d c o n s i s t e n t l y 
l o w e r o p t i c a l d e n s i t y r e a d i n g s . 
0.1 
DOSAGE IN MEGARAD 
F i g u r e l8 . E f f e c t of Cesium-137 Gamma I r r a d i a t i o n on S u r v i v a l o f S p o r e s o f 
C l o s t r i d i u m b o t u l i n u m Type F, S t r a i n I -8G-F Suspended i n S t e r i l e 
S o r e n s o n ' s P h o s p h a t e B u f f e r pH 7*0 D u r i n g I r r a d i a t i o n . 
F i g u r e 1 9 . E f f e c t o f C e s i u m - 1 3 7 Gamma I r r a d i a t i o n on S u r v i v a l o f S p o r e s o f 
C l o s t r i d i u m b o t u l i n u m Type F, S t r a i n C r a i g Suspended i n S t e r i l e 




On t h e b a s i s of t h e d a t a o b t a i n e d i n t h e t h r e e e x p e r i m e n t s 
u s i n g t h e I - 8 G - F s t r a i n of C l o s t r i d i u m b o t u l i n u m t y p e F , t h e p o s t -
i r r a d i a t i o n g rowth r e s p o n s e of t h i s o r g a n i s m a t 30 C a p p e a r s v a r i a b l e . 
I n t h e s e c o n d e x p e r i m e n t u s i n g t h i s s t r a i n , a l l t h r e e c u l t u r e s 
underwent p a r t i a l l y s i s 9 t o 1 2 h o u r s a f t e r e n t e r i n g t h e l o g a r i t h m i c 
g rowth p h a s e . Seven t o f o u r t e e n h o u r s were t h e n r e q u i r e d f o r t h e c u l ­
t u r e s t o r e a c h t h e same o p t i c a l d e n s i t i e s o b s e r v e d b e f o r e t h e l y t i c 
phenomenon o c c u r r e d . T h i s same phenomenon had b e e n o b s e r v e d w i t h t h e 
L a n g e l a n d s t r a i n of C l o s t r i d i u m b o t u l i n u m t y p e F ( W i l l i a m s - W a l l s , 1 9 6 9 ) . 
Dolman and Murakami ( 1 9 6 1 ) n o t e d a l y t i c e f f e c t w h i l e g rowing t y p e F 
C l o s t r i d i u m b o t u l i n u m on s o l i d medium and t h e y p o s t u l a t e d t h a t t h i s was 
c l o s e l y r e l a t e d t o t h e d i s s o c i a t i o n o r m u t a t i o n a l t e n d e n c i e s of t h e 
o r g a n i s m . The p r e s e n c e of b a c t e r i o p h a g e h a s a l s o b e e n s u g g e s t e d a s a 
p o s s i b l e e x p l a n a t i o n f o r t h i s l y t i c phenomenon ( W i l l i a m s - W a l l s , 1 9 6 9 ) . 
At p r e s e n t , t h e e x a c t mechanisms i n v o l v e d a r e unknown and t h e p r e s e n t 
r e s e a r c h o f f e r s no d a t a from which more d e f i n i t e c o n c l u s i o n s can be 
drawn. I t does show t h a t t h e phenomenon o c c u r s i n more t h a n one s t r a i n 
o f C l o s t r i d i u m b o t u l i n u m t y p e F g rowing i n l i q u i d med ia . 
The e x p e r i m e n t a l c o n d i t i o n s p r e s e n t d u r i n g t h e t h i r d e x p e r i m e n t 
u s i n g t h e I - 8 G - F s t r a i n d i f f e r e d from t h o s e m a i n t a i n e d d u r i n g t h e f i r s t 
e x p e r i m e n t i n t h a t t h e p o s t - i r r a d i a t i o n g rowth t e m p e r a t u r e was 35 C 
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i n s t e a d of 30 C. T h i s h i g h e r t e m p e r a t u r e r e s u l t e d from a m e c h a n i c a l 
f a i l u r e i n t h e i n c u b a t o r . Under t h i s a l t e r e d c o n d i t i o n , t h e t o t a l 
t o x i n p r o d u c e d by t h e i r r a d i a t e d c u l t u r e s was n o t s i g n i f i c a n t l y g r e a t e r 
t h a n i n t h e c o n t r o l c u l t u r e . A p o s s i b l e r e a s o n f o r t h i s may be t h a t 
t h e i n c r e a s e d p o s t - i r r a d i a t i o n g rowth t e m p e r a t u r e h a s a d e l e t e r i o u s 
e f f e c t on a p o s s i b l e r a d i a t i o n d a m a g e - r e p a i r mechanism of t h e o r g a n i s m . 
A g a i n , t h e r e i s i n s u f f i c i e n t e v i d e n c e e i t h e r h e r e o r i n t h e l i t e r a t u r e 
a t t h e p r e s e n t t i m e t o s u p p o r t more t h a n s p e c u l a t i o n on t h i s p o i n t . 
I n v e s t i g a t i o n o f r a d i a t i o n d a m a g e - r e p a i r mechanisms was n o t t h e p u r p o s e 
o f t h i s r e s e a r c h so t h i s r e s u l t was n o t p u r s u e d . I t does o f f e r p o t e n t i a l 
f o r f u t u r e s t u d i e s , however . 
On t h e b a s i s of t h e d a t a o b t a i n e d i n t h e two e x p e r i m e n t s u s i n g 
t h e C r a i g s t r a i n of C l o s t r i d i u m b o t u l i n u m t y p e F , t h e p o s t - i r r a d i a t i o n 
g rowth r e s p o n s e of t h i s o r g a n i s m a t 25 C was enhanced b y a r a d i a t i o n dose 
of 0 . 1 megarad and d e c r e a s e d by a r a d i a t i o n dose o f 0 . 2 mega rad . C u l t u r e s 
of t h e C r a i g s t r a i n from s p o r e s s u b j e c t e d t o 0 . 1 megarad of gamma i r r a d i ­
a t i o n e x h i b i t e d h i g h e r o p t i c a l d e n s i t i e s t h a n t h e u n i r r a d i a t e d c o n t r o l s 
w h i l e c u l t u r e s from s p o r e s s u b j e c t e d t o 0 .2 megarad of gamma i r r a d i a t i o n 
e x h i b i t e d l o w e r o p t i c a l d e n s i t i e s t h a n t h e u n i r r a d i a t e d c o n t r o l s . The 
h i g h e r o p t i c a l d e n s i t i e s of c u l t u r e s from 0 . 1 megarad i r r a d i a t e d s p o r e s 
may h a v e r e s u l t e d from an a c t i v a t i o n phenomenon. These r e s p o n s e s migh t 
b e t h e r e s u l t of a d i s t u r b a n c e i n t h e p r o t e i n m e t a b o l i s m of c u l t u r e s 
from i r r a d i a t e d s p o r e s . The l o w e r o p t i c a l d e n s i t i e s o b s e r v e d i n c u l t u r e s 
from 0 .2 megarad i r r a d i a t e d s p o r e s a t 25 C may be e x p l a i n e d b y t h e l o w e r 
r a d i o r e s i s t a n c e of t h i s s t r a i n . P r e v i o u s l y e s t a b l i s h e d r a d i a t i o n s u r ­
v i v a l c u r v e s have shown t h a t t h i s o r g a n i s m i s l e s s r a d i o r e s i s t a n t t h a n 
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some o f t h e p r o t e o l y t i c s t r a i n s o f C l o s t r i d i u m b o t u l i n u m . 
The p o s t - i r r a d i a t i o n g rowth t e m p e r a t u r e s of 25 C f o r t h e C r a i g 
s t r a i n and 30 C f o r t h e I -8G-F s t r a i n of C l o s t r i d i u m b o t u l i n u m t y p e F 
were s e l e c t e d b e c a u s e t h e s e t e m p e r a t u r e s p r o d u c e o p t i m a l g rowth of 
t h e o r g a n i s m s i n t e r m s of c e l l m a s s . 
To a s s u r e t h a t t h e i n c r e a s e d o p t i c a l d e n s i t y r e a d i n g s were n o t 
t h e r e s u l t of c lumping o r i n c r e a s e d c e l l s i z e , m i c r o s c o p i c e x a m i n a t i o n s 
of t h e c u l t u r e s were made h o u r l y a f t e r s p o r e i n o c u l a t i o n i n t o c u l t u r e 
m e d i a . No a p p a r e n t d i f f e r e n c e i n i n d i v i d u a l c e l l s i z e and no e v i d e n c e 
of c e l l c lumping was o b s e r v e d t h r o u g h o u t t h e e x p e r i m e n t a t i o n . 
The d a t a i n t h e e x p e r i m e n t s p e r f o r m e d a t 25 C and 30 C were 
s u b j e c t e d t o a t t e s t ( G o l d s t e i n , 1964) t o a s c e r t a i n t h e s i g n i f i c a n c e 
of a d i f f e r e n c e b e t w e e n two s l o p e s . S t a t i s t i c a l t r e a t m e n t of t h e s e 
d a t a v e r i f i e d no s i g n i f i c a n t d i f f e r e n c e s i n t h e s l o p e s of t h e r e g r e s s i o n 
l i n e s of t h e u n i r r a d i a t e d and i r r a d i a t e d c u l t u r e s i n each i n d i v i d u a l 
e x p e r i m e n t and a l s o b e t w e e n d i f f e r e n t e x p e r i m e n t s a t t h e 99 p e r c e n t con ­
f i d e n c e l e v e l ( s e e Append ix B ) . The s t a t i s t i c a l t r e a t m e n t of t h e d a t a 
c o n f i r m s t h e c o n c l u s i o n t h a t t h e r e i s no d i f f e r e n c e i n t h e r a t e o f 
g r o w t h of t h e u n i r r a d i a t e d and i r r a d i a t e d c u l t u r e s . 
At an i n c u b a t i o n t e m p e r a t u r e o f 10 C, s p o r e s of t h e p r o t e o l y t i c 
I - 8 G - F s t r a i n f a i l e d t o m u l t i p l y a f t e r i r r a d i a t i o n . The p r o t e o l y t i c 
I - 8 G - F s t r a i n of C l o s t r i d i u m b o t u l i n u m t y p e F w i l l no t grow a t t e m p e r a ­
t u r e s be low 1 5 C. T h i s o r g a n i s m i s a m e s o p h i l i c o r g a n i s m h a v i n g a 
g rowth r a n g e b e t w e e n 10 C-45 C, maximum growth o c c u r r i n g a t 35 C. Thus , 
t h e n e g a t i v e r e s u l t s o b t a i n e d a t 10 C were n o t t o t a l l y u n e x p e c t e d . 
At an i n c u b a t i o n t e m p e r a t u r e o f 10 C, s p o r e s of t h e C r a i g s t r a i n 
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treated with 0 .2 megarad gamma irradiation failed to multiply after 
germination. This was probably due to subjection of the culture to a 
second unfavorable treatment (sub-optimal temperature) after irradia­
tion. Spores subjected to 0 . 1 megarad gamma irradiation prior to incu­
bation at 10 C, however, showed more growth and earlier production of 
toxin than detected in the unirradiated control culture. 
In the studies on toxin production by both proteolytic and non-
proteolytic strains of Clostridium botulinum type F after exposure to 
varying levels of ionizing radiation, toxin was measured every k hours 
from initiation of the experiments (0 time) to 72 hr and every 2k hr 
thereafter to Vch hr for cultures of the I-8G-F strain incubated at 30 C, 
and to 234 hr for cultures of the Craig strain incubated at 25 C. Toxin 
was measured every 5 days for a 30 day period for all cultures incubated 
at 10 C. Wo toxin was demonstrable in unirradiated and irradiated spore 
suspensions, in culture supernatant fractions prior to germination, or 
in uninoculated culture media and trypsinization of these samples did 
not produce detectable toxin. 
Irradiation of spores of Clostridium botulinum type F, strain 
I-8G-F did not cause earlier appearance of toxin in cultures grown from 
these spores but it did affect the LD^^ toxin titers of the cultures. 
Radiation treatment may cause a disturbance in the protein metabolism 
of the irradiated cells which results in increased toxin production 
during post-irradiation growth. This could be due to either an altera­
tion of the amount of toxin produced or an increased toxicity of the 
toxin produced by cells in these cultures. These higher toxin titers 
persisted over extended periods of experimentation, indicating the 
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s t a b i l i t y of t h i s i n c r e a s e d t i t e r . 
I n t h e n o n - p r o t e o l y t i c C r a i g s t r a i n of C l o s t r i d i u m b o t u l i n u m 
t y p e F , t o x i n i s n o t d e t e c t a b l e u n t i l 6 t o 7 days a f t e r i n o c u l a t i o n o f 
s p o r e s o r c e l l s i n t o a c u l t u r e medium i n c u b a t e d a t 25 C (N. W. W a l l s , 
u n p u b l i s h e d d a t a ) . The r e a s o n f o r t h i s i s n o t u n d e r s t o o d . However, 
i t h a s b e e n p o s t u l a t e d t h a t t h i s amount of t i m e i s r e q u i r e d f o r t h e 
t o x i n t o become a c t i v a t e d due t o e i t h e r some e n z y m a t i c i n t e r a c t i o n o r 
t o u n c o i l i n g of t h e m o l e c u l e w i t h a g e . As w i t h t h e I - 8 G - F s t r a i n o f 
C l o s t r i d i u m b o t u l i n u m t y p e F , r a d i a t i o n t r e a t m e n t a t b o t h t h e 0 . 1 
megarad and 0 . 2 megarad l e v e l s w i t h ces ium 1 3 7 gamma r a y s a l t e r e d t h i s 
r e s p o n s e . I t was o b s e r v e d i n t h e two e x p e r i m e n t s on t h e C r a i g s t r a i n 
o f C l o s t r i d i u m b o t u l i n u m t y p e F t h a t t o x i n was f i r s t d e t e c t e d a t hh h r 
and 52 h r i n t h e 0 . 1 megarad i r r a d i a t e d c u l t u r e s , a t 56 h r i n b o t h 0 . 2 
megarad i r r a d i a t e d c u l t u r e s , and n o t u n t i l 1 6 2 h r and 186 h r i n t h e 
u n i r r a d i a t e d c o n t r o l s . 
The d a t a on s u r v i v a l of s p o r e s of C l o s t r i d i u m b o t u l i n u m t y p e F , 
s t r a i n I - 8 G - F s u b j e c t e d t o 0 . 0 , 0 . 1 , o r 0 .2 megarad d o s e s o f gamma 
i r r a d i a t i o n showed t h a t , a t t h e l e v e l s of i r r a d i a t i o n u s e d , t h e number 
of s p o r e s c a p a b l e o f g e r m i n a t i o n and s u b s e q u e n t o u t g r o w t h was unchanged . 
Thus d i v i s i o n b y g r e a t e r i n i t i a l numbers of v i a b l e s p o r e s i s p r o b a b l y 
n o t t h e e x p l a n a t i o n o f t h e o b s e r v e d growth r e s p o n s e and t o x i n p r o d u c t i o n 
from i r r a d i a t e d s p o r e s . 
The d a t a on s u r v i v a l of s p o r e s of C l o s t r i d i u m b o t u l i n u m t y p e F , 
s t r a i n C r a i g s u b j e c t e d t o 0 .0 , 0 . 1 , o r 0 . 2 megarad d o s e s of gamma 
i r r a d i a t i o n i n d i c a t e d t h a t t h e 0 . 1 megarad dose c a u s e d an a c t i v a t i o n 
phenomenon. The a c t i v a t i o n phenomenon was accompanied b y c o n s i s t e n t l y 
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h i g h e r o p t i c a l d e n s i t y r e a d i n g s and e a r l i e r t o x i n p r o d u c t i o n i n c u l t u r e s 
grown a t 25 C from t h e 0 . 1 megarad i r r a d i a t e d s p o r e s compared t o c o n t r o l 
c u l t u r e s . These r e s p o n s e s a l s o may b e t h e r e s u l t of a d i s t u r b a n c e i n 
t h e p r o t e i n m e t a b o l i s m of c u l t u r e s from i r r a d i a t e d s p o r e s . 
Exposu re of s p o r e s of t h e C r a i g s t r a i n t o a 0 . 2 megarad dose of 
i o n i z i n g r a d i a t i o n c a u s e d an a p p r e c i a b l e r e d u c t i o n i n v i a b l e s p o r e s . 
These c o l o n y c o u n t s and, s u b s e q u e n t l y , t h e g rowth r e s p o n s e of t h e 0 . 2 
megarad i r r a d i a t i a t e d s p o r e s a t 25 C may b e e x p l a i n e d by t h e l o w e r r a d i o -
r e s i s t a n c e of t h i s s t r a i n . P r e v i o u s l y e s t a b l i s h e d r a d i a t i o n s u r v i v a l 
c u r v e s f o r t h i s s t r a i n have shown t h a t t h i s o r g a n i s m does no t d e m o n s t r a t e 
t h e c h a r a c t e r i s t i c " s h o u l d e r " a s o b s e r v e d w i t h p r o t e o l y t i c s t r a i n s of 
C l o s t r i d i u m b o t u l i n u m . T h e r e f o r e a r e d u c t i o n i n number of v i a b l e s p o r e s 
a t a r a d i a t i o n l e v e l of 0 . 2 megarad was e x p e c t e d . 
I n c o n c l u s i o n , t h i s r e s e a r c h shows t h a t r a d i a t i o n t r e a t m e n t of 
s p o r e s o f C l o s t r i d i u m b o t u l i n u m t y p e F r e s u l t s i n a p o s t - i r r a d i a t i o n 
g rowth r e s p o n s e f o r t h e I - 8 G - F and C r a i g s t r a i n s a t optimum growth 
t e m p e r a t u r e t h a t i s s t r a i n d e p e n d e n t . C o n s i s t e n t l y h i g h e r t o x i n t i t e r s 
a r e p r o d u c e d a t optimum growth t e m p e r a t u r e s by c u l t u r e s from i r r a d i a t e d 
s p o r e s t h a n from u n i r r a d i a t e d c o n t r o l s i n b o t h s t r a i n s , w i t h t h e C r a i g 
s t r a i n a l s o m a n i f e s t i n g an e a r l i e r p r o d u c t i o n o f t o x i n i n i r r a d i a t e d 
c u l t u r e s . At a sub-opt imum i n c u b a t i o n t e m p e r a t u r e of 10 C, s p o r e s of 
t h e p r o t e o l y t i c s t r a i n of C l o s t r i d i u m b o t u l i n u m f a i l e d t o grow and i n 
t h e n o n - p r o t e o l y t i c s t r a i n o n l y t h e c u l t u r e s p r e v i o u s l y s u b j e c t e d t o 
0.0 o r 0 . 1 megarad gamma i r r a d i a t i o n g rew. At t h i s t e m p e r a t u r e t h e 0 . 1 
megarad i r r a d i a t e d c u l t u r e s d e m o n s t r a t e d an i n c r e a s e d g rowth r e s p o n s e 
and e a r l i e r t o x i n p r o d u c t i o n t h a n t h e u n i r r a d i a t e d c o n t r o l . 
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An i n t e r r e l a t i o n s h i p be tween t e m p e r a t u r e and i r r a d i a t i o n v e r s u s 
g rowth and t o x i n p r o d u c t i o n i s s u g g e s t e d by t h e d a t a c o l l e c t e d . I f t h e 
f a c t t h a t o p t i c a l d e n s i t y r e a d i n g s a r e l o g a r i t h m i c i s c o n s i d e r e d , i t 
a p p e a r s t h a t a t 10 C t h e r e i s more t o x i n p r o d u c e d p e r c e l l mass of 
C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n C r a i g t h a n a t 25 C. I t m igh t be 
t h a t t h e optimum t e m p e r a t u r e f o r p r o d u c t i o n of c e l l m a s s ; i . e . , 25 C, 
p r e f e r e n t i a l l y f a v o r s t h e complex m e t a b o l i c p r o c e s s e s i n v o l v e d i n p r o ­
d u c t i o n o f c e l l m a t e r i a l by t h e o r g a n i s m w h i l e a t a t e m p e r a t u r e of 10 C 
p r o d u c t i o n o f c e l l u l a r components b y t h e o r g a n i s m i s impeded and t o x i n 
s y n t h e s i s t h e r e f o r e a p p e a r s t o have i n c r e a s e d w i t h d e c r e a s i n g t e m p e r a ­




Based on t h e r e s e a r c h r e p o r t e d i n t h e p r e c e d i n g t e x t , t h e f o l l o w ­
i n g c o n c l u s i o n s a r e made : 
The p o s t - i r r a d i a t i o n g rowth r e s p o n s e a t 30 C i n TSB of s p o r e s of 
C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n I - 8 G - F s u b j e c t e d t o 0 . 1 megarad 
and 0 .2 megarad c e s i u m - 1 3 7 gamma i r r a d i a t i o n a s compared t o an u n i r r a d i a t e d 
c o n t r o l c u l t u r e i s v a r i a b l e . 
The t o x i n t i t e r s p r o d u c e d a t 30 C by c u l t u r e s from i r r a d i a t e d 
s p o r e s o f C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n I -8G-F a r e c o n s i s t e n t l y 
h i g h e r t h a n t h o s e p r o d u c e d by an u n i r r a d i a t e d c o n t r o l c u l t u r e . 
N o • s p o r e o u t g r o w t h o r t o x i n p r o d u c t i o n o c c u r s a t 10 C i n t h e 0 . 0 , 
0 . 1 , o r 0 .2 megarad i r r a d i a t e d c u l t u r e s of C l o s t r i d i u m b o t u l i n u m t y p e F , 
s t r a i n I - 8 G - F . 
The p o s t - i r r a d i a t i o n g rowth r e s p o n s e a t 25 C i n TSB of s p o r e s of 
C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n C r a i g i s g r e a t e r i n t h e 0 . 1 
megarad i r r a d i a t e d c u l t u r e and l o w e r i n t h e 0.2 megarad i r r a d i a t e d c u l ­
t u r e t h a n i n t h e u n i r r a d i a t e d c o n t r o l c u l t u r e . 
Gamma i r r a d i a t i o n of s p o r e s of C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n 
C r a i g w i t h 0 . 1 megarad o r 0 .2 megarad r e s u l t s i n e a r l i e r t o x i n p r o d u c t i o n 
and c o n s i s t e n t l y h i g h e r t o x i n t i t e r s t h a n p r o d u c e d by t h e u n i r r a d i a t e d 
c o n t r o l c u l t u r e a t 25 C. 
The p o s t - i r r a d i a t i o n growth r e s p o n s e a t 10 C i n TSB of s p o r e s of 
C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n C r a i g s u b j e c t e d t o 0 . 1 megarad 
gamma i r r a d i a t i o n r e s u l t s i n h i g h e r o p t i c a l d e n s i t y r e a d i n g s t h a n 
m a n i f e s t e d b y t h e u n i r r a d i a t e d c o n t r o l c u l t u r e . At 10 C t o x i n i s 
p r o d u c e d e a r l i e r i n t h e 0 . 1 megarad i r r a d i a t e d c u l t u r e t h a n i n t h e 
u n i r r a d i a t e d c o n t r o l c u l t u r e . 
At 10 C no s p o r e o u t g r o w t h o c c u r s i n t h e 0 . 2 megarad i r r a d i a t e d 




Based on the r e s u l t s o f t h i s i n v e s t i g a t i o n , t h e f o l l o w i n g 
recommendations a r e submit ted f o r f u r t h e r c o n s i d e r a t i o n : 
1 . A more comprehensive d e t e r m i n a t i o n o f growth r e s p o n s e and 
t o x i n p r o d u c t i o n a t 10 C. This t y p e o f e x p e r i m e n t a t i o n would be of 
c o n s i d e r a b l e importance t o t h e f o o d i n d u s t r y . 
2 . A d e t a i l e d s tudy of t h e f a c t o r s which induce t h e p a r t i a l 
l y s i s phenomenon of growing c e l l s o f C l o s t r i d i u m b o t u l i n u m . Of p a r t i c ­
u l a r i n t e r e s t i s t h e e f f e c t o f t h i s p a r t i a l l y s i s phenomenon on 
t o x i n t i t e r s . 
3 . A more a c c u r a t e c o r r e l a t i o n o f c e l l mass and numbers i n 
r e l a t i o n t o s p e c i f i c o p t i c a l d e n s i t y r e a d i n g s . O p t i c a l d e n s i t y i s an 
i n d i r e c t measure of c e l l mass and does not i n d i c a t e t h e a b s o l u t e number 
of c e l l s p r e s e n t . A more a c c u r a t e measure o f c e l l mass can b e o b t a i n e d 
by c e n t r i f u g i n g t h e c e l l s i n c a l i b r a t e d c u v e t t e s and de termin ing t h e 
c e l l volume. These c e l l volumes c o u l d then be compared t o s p e c i f i c 
o p t i c a l d e n s i t y r e a d i n g s . This in format ion c o u l d be compared w i t h 
a c t u a l count s of c e l l numbers p r e s e n t u s i n g a C o u l t e r c o u n t e r . 
k. S t u d i e s employing t h e Technicon Auto-Analyzer to determine 
optimum growth c o n d i t i o n s and t o produce more a c c u r a t e growth curves 
and t o x i n p r o d u c t i o n d a t a . Manual m a n i p u l a t i o n s of t h e Nephelo f l a s k s 
used i n t h e p r e s e n t s tudy cause d i s t u r b a n c e of the growth medium and 




Cooked Meat Medium 
The commerc ia l p r e p a r a t i o n of Cooked Meat Medium ( D i f c o ) was u s e d . 
Depending upon t h e amount of medium d e s i r e d , a q u a n t i t y of t h e d e h y d r a t e d 
cooked meat medium was su spended i n c o l d d e i o n i z e d w a t e r , i n sc rew cap 
t u b e s o r f l a s k s . The medium was mixed t h o r o u g h l y and a l l o w e d t o s t a n d 
1 5 m i n u t e s so t h a t a l l t h e p a r t i c l e s were t h o r o u g h l y w e t t e d , and m a i n t a i n ­
i n g an even s u s p e n s i o n . The medium was s t e r i l i z e d i n t h e a u t o c l a v e f o r 
1 5 m i n u t e s a t 1 5 p s i ( 1 2 1 C ) , t h e n a l l o w e d t o c o o l t o room t e m p e r a t u r e 
w i t h o u t a g i t a t i o n . The pH of t h e medium a f t e r s t e r i l i z a t i o n was 7 . 2 . 
Pork I n f u s i o n Medium 
F r e s h p o r k i n f u s i o n medium i s p r e p a r e d i n t h e f o l l o w i n g manner . 
A f r e s h l e a n p o r k ham w e i g h i n g be tween 1 0 - 1 2 pounds i s u s e d . A 1 2 pound 
ham p r o d u c e s a p p r o x i m a t e l y 8 l i t e r s of medium. 
F i r s t Day 
1 . Remove t h e meat from t h e b o n e , s t r i p p i n g o f f t h e f a t . Then 
p u t t h e meat t h r o u g h a g r i n d e r , u s i n g t h e f i n e a t t a c h m e n t . 
2 . Fo r each pound of g round ham, add one l i t e r of c o l d t a p w a t e r . 
Mix w e l l , b r i n g t o a b o i l , t h e n simmer f o r one h o u r , c o v e r e d . 
3. Remove from h e a t , a l l o w t o c o o l j u s t enough t o h a n d l e , t h e n 
s t r a i n o f f t h e b r o t h t h r o u g h e i g h t l a y e r s of c h e e s e c l o t h 
i n t o a l a r g e c l e a n c o n t a i n e r . 
k. Al low t h e b r o t h t o c o o l t o room t e m p e r a t u r e . Cover t h e 
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container and then refrigerate overnight. 
Second Day 
5. Skim the solidified fat from the top of the broth. Measure 
the broth and bring up to the original volume again with tap 
water if necessary. 





Soluble Starch lg/liter 
Sodium Thioglycollate (Difco) lg/liter 
Heat the medium to dissolve the solids. Cool to room tempera­
ture and adjust to pH 7.^ with 10 N NaOH. 
7. Divide the medium into convenient amounts in 3 or h liter 
Erlenmeyer flasks. Add 1 . 5 percent Bacto-Agar to each flask, 
plug with cotton and cover plug with aluminum foil. Auto­
clave for 30 minutes at 15 psi. 
8. Remove the flasks to a water bath set at 55 C. Adjust to a 
tilted position to allow the precipitate which will form to 
collect in a small area at the bottom of the flask. Allow 
to remain overnight. 
Third Day 
9. Using care not to disturb the precipitate, decant the clear 
liquid in each flask through four layers of cheesecloth, with 
one-half inch of cotton between two of the layers. Keep the 
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receiving vessel in hot water to prevent hardening. Dispense 
into modified agar slant tubes (about 25 ml per tube), cotton 
plug and place in tall round baskets. Weight the top with a 
wodden disc cut slightly smaller than the basket opening and 
a brick, (to prevent blowing off the cotton plugs). Autoclave 
for 30 minutes at 15 psi, allow the agar to gel, and store in 
a cool place. 
Gelatin Diluent (Duff, et al., 1957) 
Bacto-Gelatin (Difco) 2g 
N a ^ P O i ^ H 2 0 kg 
Deionized water 1000ml 
The ingredients were dissolved in deionized water, and the mixture 
then adjusted to a pH of 6.8 with dilute HCL (10$). The buffer was 
dispensed in 100 ml quantities into new screw cap, pint prescription 
bottles and autoclaved at 121 C (15 psi) for 15 minutes. The gelatin 




Deionized water 1000ml 
The peptone was dissolved in water and 99 fnl aliquots dispensed 
into 150 ml milk dilution bottles. After autoclaving for 20 minutes 
at 121 C and 15 psi, the bottles were stoppered with sterile rubber 
stoppers and stored at room temperature. 
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Schmidt' s Counting Medium 
Bacto -Peptone ( D i f c o ) 50g 
Yeast Ex trac t (BBL) 10g 
Sodium T h i o g l y c o l l a t e ( D i f c o ) l g 
Bacto-Agar ( D i f c o ) 10g 
D e i o n i z e d water 1000ml 
A l l t h e dry i n g r e d i e n t s except agar were added t o t h e d e i o n i z e d 
water and t h e mixture h e a t e d w i t h c o n s t a n t s t i r r i n g u n t i l d i s s o l v e d . 
A f t e r t h e l i q u i d had c o o l e d t o room temperature t h e pH was a d j u s t e d t o 
7.0-7.2. The agar was t h e n added t o t h e medium, h e a t e d u n t i l i t had 
d i s s o l v e d , and t h e n d i s p e n s e d i n t o m o d i f i e d agar s l a n t t u b e s , 25 ml 
p e r t u b e . The t u b e s were c o t t o n p l u g g e d and p l a c e d i n t o t a l l round 
b a s k e t s . The t o p s o f t h e t u b e s were w e i g h t e d as d e s c r i b e d i n t h e p r e ­
p a r a t i o n o f pork i n f u s i o n agar . The medium was then a u t o c l a v e d 15 
minutes a t 15 p s i p r i o r t o u s e . Schmidt ' s medium was f r e s h l y prepared 
on t h e day i t was used i n an exper iment . 
The phosphate b u f f e r was d i s p e n s e d i n t o new screw cap p i n t m e d i c i n e 
b o t t l e s . The combinat ion of t h e two chemica l s i n t h e s e q u a n t i t i e s shou ld 
y i e l d a pH o f 7.0, which was confirmed w i t h a Beckman pH meter . The 
b u f f e r was t h e n a u t o c l a v e d a t 121 C (15 p s i ) f o r 15 minutes and a l l o w e d 
t o c o o l t o room temperature . The phosphate b u f f e r was s t o r e d a t k C 
u n t i l u s e d . 
S o r e n s o n ' s Phosphate Buf fer 
M/15 Na2HP0i+ 




Spore S t a i n 
An a d a p t a t i o n of C o n k l i n ' s M o d i f i c a t i o n o f W i r t z ' s Method was 
employed t o s t a i n spores w i t h m a l a c h i t e green dye: 
1 . Smears were prepared by s tandard t e c h n i q u e s and hea t f i x e d . 
2 . The s l i d e s were f l o o d e d w i t h 5 p e r c e n t aqueous m a l a c h i t e 
green dye, and steamed f o r 5 m i n u t e s . Fresh s t a i n was 
added t o keep t h e dye from drying on t h e s l i d e s . 
3 . S l i d e s were washed w i t h tap water u n t i l no more dye came 
o f f . 
k. S l i d e s were c o u n t e r s t a i n e d f o r 1 minute w i t h 1 p e r c e n t 
s a f r a n i n . 
5 . S l i d e s were then washed i n t a p water and a l l o w e d t o a i r 
dry. 
Under m i c r o s c o p i c examinat ion , t h e h i g h l y r e f r a c t i v e spores appear 
b r i g h t green i n c o l o r w h i l e t h e v e g e t a t i v e c e l l s appear r e d . 
As spores b e g i n t o germinate , t h e y s t a r t t o l o s e t h e i r r e f r a c -
t i v i t y and b e g i n t o t a k e up methylene b l u e dye. This s t a g e o f d e v e l o p ­
ment can be d e t e c t e d by s t a i n i n g smeared p r e p a r a t i o n s w i t h methylene b l u e 
s t a i n . 
1 . Smears were prepared by s tandard t e c h n i q u e s and h e a t f i x e d . 
2 . The s l i d e s were f l o o d e d f o r two minutes w i t h methylene 
b l u e . 
3 . S l i d e s were washed f o r 30 seconds i n running t a p water and 
a l l o w e d t o a i r dry. 
Spores undergoing germinat ion are deep b l u e i n c o l o r . 
71 
T r y p t i c a s e Soy Agar (BBL) 
S i x t y grams o f t h e d e h y d r a t e d t r y p t i c a s e soy a g a r were su spended 
i n 1500 ml o f d e i o n i z e d w a t e r i n a 3200 ml m o d i f i e d Ferr ibach f l a s k . The 
medium was h e a t e d w i t h f r e q u e n t a g i t a t i o n and b o i l e d f o r one m i n u t e . The 
f l a s k was t h e n s t o p p e r e d w i t h a c o t t o n p l u g wrapped i n one l a y e r of c h e e s e 
c l o t h , o v e r l a i d w i t h aluminum f o i l , a n d a u t o c l a v e d a t 121 C (15 p s i ) f o r 
15 m i n u t e s . The a g a r was t h e n a l l o w e d t o s o l i d i f y i n t h e f l a s k a t room 
t e m p e r a t u r e . 
F i f t e e n grams of t h e d e h y d r a t e d powder were s u s p e n d e d i n 500 ml 
d e i o n i z e d w a t e r i n a one l i t e r E r l e n m e y e r f l a s k . The medium was mixed 
t h o r o u g h l y and t h e n warmed g e n t l y u n t i l s o l u t i o n was c o m p l e t e . The pH 
of t h e medium was a d j u s t e d t o pH 7.3 and t h e n t h e f l a s k was p l u g g e d w i t h 
a c o t t o n p l u g wrapped i n one l a y e r of c h e e s e c l o t h and o v e r l a i d w i t h 
aluminum f o i l . The medium was a u t o c l a v e d a t 121 C (15 p s i ) f o r 15 
m i n u t e s , a l l o w e d t o c o o l a t room t e m p e r a t u r e . I t was g e n t l y p o u r e d o n t o 
t h e h a r d e n e d TSA b a s e i n t h e F e r n b a c h f l a s k . When u s e d a s a g rowth 
medium t h e TSB was p r e p a r e d a s a b o v e , p o u r e d i n t o Nephelo c u l t u r e f l a s k s 
i n 2hh ml a l i q u o t s , and a u t o c l a v e d i n t h e s e f l a s k s . 
T r y p t i c a s e Soy B r o t h (BBL) 
Type C Toxin Medium ( C a r d e l l a e t a l . , 1958) 
P r o t e o s e P e p t o n e ( D i f c o ) *+0g 
N-Z-Amine Type B ( S h e f f i e l d Farms) 20g 
Y e a s t E x t r a c t (BBL) 20g 
D e x t r o s e 10g 
D e i o n i z e d w a t e r 950ml 
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The i n g r e d i e n t s ( e x c e p t d e x t r o s e ) were added t o t h e d e i o n i z e d w a t e r 
and t h e m i x t u r e h e a t e d w i t h c o n s t a n t s t i r r i n g u n t i l t h e y were d i s s o l v e d . 
A f t e r t h e l i q u i d had c o o l e d t o room t e m p e r a t u r e , t h e pH was a d j u s t e d t o 
7 . 2 w i t h 10 N NaOH and t h e medium d i s p e n s e d i n t o E r l e n m e y e r f l a s k s . 
These were p l u g g e d w i t h c o t t o n wrapped i n one l a y e r of c h e e s e c l o t h and 
c o v e r e d w i t h aluminum f o i l . The medium was a u t o c l a v e d a t 1 2 1 C and 1 5 
p s i f o r 30 m i n u t e s and t h e n r a p i d l y c o o l e d i n an i c e b a t h u n t i l warm t o 
t h e t o u c h . F i l t e r - s t e r i l i z e d d e x t r o s e was added a s e p t i c a l l y j u s t p r i o r 
t o i n o c u l a t i o n , t o g i v e a f i n a l c o n c e n t r a t i o n of 1 p e r c e n t , and t h e , f l a s k s 
g e n t l y s w i r l e d i n o r d e r t o d i s t r i b u t e t h e d e x t r o s e t h r o u g h o u t t h e medium. 
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APPENDIX B 
S t a t i s t i c a l A n a l y s i s 
Symbols Used i n S t a t i s t i c a l A n a l y s i s 
x : h o u r s of i n c u b a t i o n f o l l o w i n g i n o c u l a t i o n , 
y : a b s o r b a n c e o b t a i n e d a t t h e c o r r e s p o n d i n g v a l u e f o r h o u r s of 
i n c u b a t i o n . 
N: t h e number of i t e m s i n a s a m p l e . 
£ u p p e r - c a s e Greek s igma, meaning " t a k e t h e sum of" . 
b : s l o p e of t h e r e g r e s s i o n l i n e . 
SS^: sum of t h e s q u a r e s o f t h e x v a l u e s . 
S, r a s t a n d a r d d e v i a t i o n o f i n d i v i d u a l y v a l u e s abou t t h e r e g r e s s i o n <y * x 
l i n e . 
7h 
T a b l e 6. Computa t ion of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e F i r s t Exper imen t on 
U n i r r a d i a t e d S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n 
I - 8 G - F . 
Case x 2 
x 
y Y2 xy 
1 18 32̂  0.08 0.0061+ 1.1+1+ 
2 19 36l 0.15 0.0225 2.85 
on 20 koo 0.23 0.0529 1+.60 
k 21 hki 0.35 0.1225 7.35 
5 22 hQk 0.1+2 0.1761+ 9.21+ 
6 23 529 0.58 0.3361+ 13.31+ 
7 2k 576 0.75 0.5625 18.00 
CO
 25 625 0.85 0.7225 21.25 
9 26 676 0.95 0.9025 21+.70 
10 27 729 1.00 1.0000 27.00 
n 28 784 1.01+6 1.091+1 29.29 
12 29 81+1 1.097 1.2031+ 31.81 
T o t a l 282 6770 7.503 6.2021 190.87 
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Table 7. Computation of Values Required for Analysis of Significance of 
Difference Between Two Slopes of the First Experiment on 
Spores of Clostridium botulinum Type F, Strain I-8G-F Irradiated 
with 0.1 Megarad Gamma Irradiation. 




1 16 256 0.02 o.ooo4 0.32 
2 17 289 o.o4 0.0012 0.60 
3 18 324 0.07 0.0049 1.26 
4 19 361 0.12 0.0149 2.32 
5 20 4oo 0.20 o.o4oo 4.00 
6 21 44l 0.28 0.0784 5.88 
7 22 484 0.45 0.2025 9.90 
oo 23 529 0.64 0.4096 14.72 
9 2h 576 0.70 0.4900 16.80 
10 25 625 0.85 0.7225 21.25 
ii 26 676 0.95 0.9025 24.70 
12 27 729 1.00 1.0000 27.00 
13 28 784 1.046 1.0941 29.29 
14 29 84l 1.097 1.2034 3 l . 8 l 
Total 315 7315 7.46 6.1644 189.85 
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Tab le 8. Computa t ion of V a l u e s R e q u i r e d f o r A n a l y s i s o f S i g n i f i c a n c e of 
D i f f e r e n c e Between Two S l o p e s of t h e F i r s t Exper iment on 
S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I - 8 G - F I r r a d i a t e d 
w i t h 0.2 Megarad Gamma I r r a d i a t i o n . 
Case X x 2 y y 2 x y 
1 16 256 0.01 0.0001 0.16 
2 17 289 0.02 o.ooo4 0.34 
3 18 324 0.03 0.0009 0.54 
4 19 361 0.05 0.0025 0.95 
5 20 4oo 0.10 0.0100 2.00 
6 21 44i 0.15 0.0225 3.15 
7 22 m 0.26 0.0676 5.72 
8 23 529 0.38 0.1444 8.74 
9 24 576 0.45 0.2025 10.80 
10 25 625 0.62 0.3844 15.50 
n 26 676 0.75 O.5625 19.50 
12 27 729 0.85 0.7225 22.95 
13 28 784 0.95 O.9025 26.60 
i4 29 841 1.00 1.0000 29.00 
T o t a l 315 7315 5.62 4.02 145.95 
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C o m p u t a t i o n of s i g n i f i c a n c e of d i f f e r e n c e b e t w e e n s l o p e s o b t a i n e d 
d u r i n g t h e e x p e r i m e n t s on C l o s t r i d i u m b o t u l i n u m t y p e F , s t r a i n s C r a i g 
and I -8G-F was d e t e r m i n e d i n t h e f o l l o w i n g manner . 
C o m p u t a t i o n of S i g n i f i c a n c e of D i f f e r e n c e Between Two S l o p e s of t h e 
F i r s t E x p e r i m e n t on C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I - 8 G - F . 
U n i r r a d i a t e d S p o r e s 
S l o p e = 
Z x 2 - (Ex) 
= 1 9 0 . 8 7 -
( 2 8 2 ) ( 7 . 5 0 3 ) 
1 2 
= 0 . 1 0 2 
6770 - ( 2 8 2 ) 2 
1 2 




( 2 8 2 ) 2 
1 2 
S t a n d a r d D e v i a t i o n of I n d i v i d u a l y - v a l u e s About t h e R e g r e s s i o n 
~ ( 6 . 2 0 2 1 - ( 7 . 5 0 3 ) 
1 2 
t - 0 . 1 0 2 [ 1 9 0 . 8 7 - (282UL5021J) 
0.055 
S p o r e s I r r a d i a t e d With 0 . 1 Megarad 
S l o p e = Exy - l ^ O J M 
E x 2 - ( E x ) 2 
N 
= 1 8 9 . 8 5 - ( 3 1 5 ) ( 7 A 6 ) 
m 
7 3 1 5 - ( 3 1 5 ) 2 
" - T I T " 
= 0 .0967 
Sum of t h e S q u a r e s = E x 2 -
7 3 1 5 - ^§r~ = 2 2 ? - 5 
S t a n d a r d D e v i a t i o n of I n d i v i d u a l y - v a l u e s About t h e R e g r e s s i o n 
L i n e 
\ | ^ (6.16UU - H4 |L . 0 .0967 [ 1 8 9 . 8 5 - ^ J 7 " ^ ] ) 
= 0.0693 
S p o r e s I r r a d i a t e d w i t h 0 .2 Megarad 
S l o p e = Exy -
N 
2 — T S E F " Ex -
= L I + 5 . 9 5 . ( 3 1 5 ) ^ 5 . 6 2 ) 
7 3 1 5 - ( 3 1 5 ) ' ~ T T T 
= 0.086 
Sum of t h e S q u a r e s = E x 2 - - ^ p ^ -
( 3 1 5 ) ' 
7 3 1 5 ~ — 2 2 7 . 5 
.79 
Standard Deviation of Individual y-values About the Regression 
Line =\ N -2 H b 'pry - ISEilSd], 
1 ( 5 . 6 2 ) 
(k.02 - ^4^- - 0.086 [ 1 ^ 5 . 9 5 -
( 3 1 5 ) ( 5 . 6 2 ) j 1 2 
= 0.085 
Significance of Difference Between Slopes for Unirradiated Spores of 
Clostridium botulinum Type F, Strain I-8G-F Versus Spores Subjected to 
0 . 1 Megarad in the First Experiment. 
Pooled Error Variance = (s )2 + (S )2 y x 1 y»x 2 
= \(o.055) 2 + (0 .0693)' 
= O .O883 
b l " B 2 
t test = S \ Jl 1 
y x \ ss ss \ X l X 2 
0 . 1 0 2 - 0 .0967 
0.0883 \ 1 , 1 \ WE 2 2 7 . 5 
.= 0 .5698 
The t test value of O . 5 6 9 8 is < 2 . 8 2 n = 1 2 , = ik 
Therefore the slopes are not significantly different. 
Significance of Difference Between Slopes for Unirradiated Spores of 
Clostridium botulinum Type F, Strain I-8G-F Versus Spores Subjected to 
0.2 Megarad in the First Experiment. 
Pooled Error Variance = (S )? + (S ) 2 y«x'l y x Y 2 






0.102 - 0,0901 
0.1012\ I I 
+ 77, 
r- = 1.1121 
1^3 227.5 
The t Lest value of 1.1121 is < 2.82 = 12, = l4 
Therefore the slopes are not significantly different. 
Significance of Difference Between Slopes for Spores of Clostridium 
botulinum Type F, Strain I-8G-F Subjected to 0.1 Megarad Versus Spores 
Subjected to 0.2 Megarad in the First Experiment. 
Pooled Error Variance 
t test = 
0,0967 - 0.0901 u = 0.6496 
The t test value of 0.6496 is < 2.80 n, 
1 
= lh, n 2 = 14 
Therefore the slopes are not significantly different. 
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T a b l e 9* Summary of t T e s t V a l u e s , Degrees of Freedom, and C r i t i c a l 
V a l u e s f o r t T e s t a t t h e 0 . 0 1 L e v e l f o r Data from t h e F i r s t 
Expe r imen t on C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I - 8 G - F . 
Source of Data 
t T e s t 
V a l u e s 
Degrees of 
Freedom 
C r i t i c a l 
V a l u e s of t * 
U n i r r a d i a t e d v s . 
0 . 1 Megarad o .5 6 9 8 22 2 . 8 2 
U n i r r a d i a t e d v s . 
0 .2 Megarad 1 . 1 1 2 1 22 2 . 8 2 
0 . 1 Megarad v s . 
0 .2 Megarad 0.6U96 2k 2.80 
• ^ S i g n i f i c a n c e was d e t e r m i n e d a t a p r o b a b i l i t y v a l u e of 0 . 0 1 . 
82 
T a b l e 10. Compu ta t i on of V a l u e s R e q u i r e d f o r A n a l y s i s o f S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e Second Expe r imen t 
on U n i r r a d i a t e d S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , 
S t r a i n I-8G-F. 
Case x 2 x y 
2 
y xy 
1 18 32k 0.03 0.0009 0.50 
2 19 361 0.06 0.0036 1.14 
3 20 koo 0.13 0.0169 2.60 
4 21 kkl 0.22 o.o462 4.52 
5 22 kQk o .4o 0.1600 8.80 
6 23 529 0.75 0.5625 17.25 
7 24 576 0.84 0.7056 20.16 
co 25 625 0.88 0.7744 22.00 
9 26 676 0.96 0.9216 24.96 
10 27 729 0.95 0.9025 25.65 
11 28 784 1.00 1.0000 28.00 
12 29 84l 1.07 1.1449 29.96 
T o t a l 282 6770 7.29 6.2391 185.54 
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T a b l e 1 1 . Compu ta t i on of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s o f t h e Second Expe r imen t 
on S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I -8G-F 
I r r a d i a t e d w i t h 0.1 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 18 324 o .o4 0.0016 0.63 
2 19 36l 0.08 o . o o 6 4 1.52 
3 20 koo 0.12 o .oi44 2.40 
k 21 kkl 0.20 0.0420 4.30 
5 22 4 8 4 0.39 0.1560 8.69 
6 23 529 0.65 0.4225 14.95 
7 24 576 0.75 0.5625 18.00 
8 25 625 0 . 84 0.7056 21.00 
9 26 676 0.88 0.7744 22.88 
10 27 729 0.96 0.9216 25.92 
11 28 784 0.95 0.9025 26.60 
12 29 8 4 l 1.00 1.0000 29.00 
T o t a l 282 6770 6.86 5.5095 266.97 
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T a b l e 12 . C o m p u t a t i o n of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e Second Expe r imen t 
on S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I-8G-F 
I r r a d i a t e d w i t h 0.2 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 18 324 0.00 0.0000 0.00 
2 19 361 0.01 0.0001 0.02 
3 20 4oo 0.02 o.ooo4 o .o4 
4 21 44i o .o4 0.0020 0 . 8 4 
5 22 4 8 4 0.11 0.0121 2.42 
6 23 529 0.18 0.0342 4.26 
7 24 576 0.33 0.1089 7.92 
CO
 
25 625 0.52 0.2704 13.00 
9 26 676 0.60 0.3600 15.60 
10 27 729 0.69 0.4761 18.63 
11 28 7 8 4 0.70 0.4900 19.60 
12 29 8 4 i 0.75 0.5625 21.75 
T o t a l 282 6770 3.95 2.3167 104.08 
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T a b l e 1 3 . Summary of t T e s t V a l u e s , D e g r e e s of F reedom, and C r i t i c a l 
V a l u e s f o r t T e s t a t t h e 0 . 0 1 L e v e l f o r Data from t h e Second 
E x p e r i m e n t on C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I - 8 G - F . 
S o u r c e of Data 
t T e s t 
Va lues 
D e g r e e s of 
Freedom 
C r i t i c a l 
V a l u e s of t * 
U n i r r a d i a t e d v s . 
0 . 1 Megarad 1 .9^88 20 2 .84 
U n i r r a d i a t e d v s . 
0.2 Megarad 0 . 8 1 9 9 20 2 .84 
0 . 1 Megarad v s . 
0.2 Megarad 2 . 0 1 7 7 20 2 .84 
* S i g n i f i c a n c e was d e t e r m i n e d a t a p r o b a b i l i t y v a l u e of 0 . 0 1 . 
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T a b l e l4. C o m p u t a t i o n of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e T h i r d Exper imen t on 
U n i r r a d i a t e d S p o r e s o f , C l o s t r i d i u m b o t u l i n u m Type F , 
S t r a i n I - 8 G - F . 
Case X 2 X y 
2 
y xy 
1 18 32k o.o4 0.0016 0.72 
2 19 361 0.06 0.0036 l . l 4 
3 20 koo 0.12 o.oi44 2.4o 
4 21 kkl 0.18 0.0324 3.78 
5 22 kQk 0.30 0.0900 6.60 
6 23 529 0.45 0.2025 10.35 
7 2 4 576 0.62 0 . 3844 14.88 
00
 25 625 0.75 0.5625 18.75 
9 26 676 0.90 0.8100 23.40 
10 27 729 1.02 1.o4o4 27.54 
11 28 7 8 4 i.o4 1.0816 29.12 
12 29 8 4 1 1.10 1.2100 31.90 
T o t a l 282 6770 6.55 5.4334 170.58 
T a b l e 1 5 . Compu ta t i on of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e T h i r d Exper imen t on 
S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I-8G-F 
I r r a d i a t e d w i t h 0.1 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 16 256 0.10 0.0100 1.60 
2 17 289 0.18 0.0324 3.06 
on 18 324 0.29 o . o 8 4 i 5.22 
4 19 361 0.35 0.1225 6.65 
5 20 hoo 0 . 48 0.2304 9.60 
6 21 hhi 0.62 0.3844 13.02 
7 22 4 8 4 0.95 0.9025 20.90 
co 23 529 1.10 1.2100 25.30 
9 2h 576 1.12 1.2544 26.88 
10 25 625 1.10 1.2100 27.50 
11 26 676 1.15 1.3340 30.03 
12 27 729 1.26 1.5876 34.02 
13 28 784 1.30 I.6900 36.40 
l4 29 841 1.30 I.6900 37.70 
T o t a l 315 7315 11.30 11 .74 277.88 
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T a b l e l 6 . Compu ta t i on of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s o f t h e T h i r d E x p e r i m e n t on 
S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I-8G-F 
I r r a d i a t e d w i t h 0 .2 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 1 6 256 0 . 1 8 0 .0324 2 .88 
2 17 289 0.30 0.0900 5 . 1 0 
oo
 
1 8 32k 0 .49 0 . 2 4 0 1 8 .82 
4 1 9 3 6 1 0 .70 0.4900 1 3 . 3 0 
5 20 koo 0.80 o.64oo 1 6 . 0 0 
6 2 1 kkl 0 .92 0.8464 1 9 . 3 2 
7 22 k8k 1 . 0 0 1 .0000 22 .00 
8 23 529 1 . 1 5 i.334o 2 6 . 5 6 
9 2k 576 1 . 2 2 1.4884 2 9 . 2 8 
1 0 25 625 1 . 2 2 1.4884 30 .50 
11 26 676 1 . 3 0 I . 6900 33 .80 
1 2 2 7 729 1 .35 I . 8 2 2 5 36 .45 
1 3 28 784 1 . 3 0 I . 6900 36.4o 
l4 29 84l 1 . 3 1 1.7161 37.99 
T o t a l 3 1 5 7315 13 .24 1 4 . 5 7 8 3 3 1 8 . 4 0 
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T a b l e 1 7 . Summary of t T e s t V a l u e s , D e g r e e s of F reedom, and C r i t i c a l 
V a l u e s f o r t T e s t a t t h e 0 . 0 1 L e v e l f o r Da ta from t h e T h i r d 
E x p e r i m e n t on C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n I - 8 G - F . 
S o u r c e of Data 
t T e s t 
Va lues 
D e g r e e s of 
Freedom 
C r i t i c a l 
V a l u e s of t * 
U n i r r a d i a t e d v s . 
0 . 1 Megarad 1 . 2 0 5 2 22 2 . 8 2 
U n i r r a d i a t e d v s . 
0.2 Megarad 1 . 9 3 1 5 22 2 . 8 2 
0 . 1 Megarad v s . 
0.2 Megarad 0.8440 24 2 . 8 0 
* S i g n i f i c a n c e was d e t e r m i n e d a t a p r o b a b i l i t y v a l u e of 0 . 0 1 . 
I 
I 
Table 1 8 . Summary of t Test Values, Degrees of Freedom, and Critical 
Values for t Test at the 0 . 0 1 Level for Data from the First 
and Third Experiments on Clostridium botulinum Type F, 
Strain I-8G-F. 
Source of Data 
t Test 
Values 
Degrees of Critical 
Freedom Values of t* 
Unirradiated ( 1 s t Exp.) vs 
Unirradiated ( 3 r d Exp.) 1 .6286 
0 . 1 Megarad ( 1 s t Exp.) vs 
0 . 1 Megarad ( 3 r d Exp.) O . 4 9 6 9 
0 . 2 Megarad ( 1 s t Exp.) vs 
0 . 2 Megarad ( 3 r d Exp.) 0 . 3 5 3 4 
0 . 1 Megarad ( 1 s t Exp.) vs 
Unirradiated ( 3 r d Exp.) 2 . 2 4 9 3 
0 . 2 Megarad ( 1 s t Exp.) vs 
Unirradiated ( 3 r d Exp.) 2 . 7 2 2 0 
0 . 2 Megarad ( 1 s t Exp.) vs 
0 . 1 Megarad ( 3 r d Exp.) 1 .3162 
0 . 1 Megarad ( 1 s t Exp.) vs 
0 . 2 Megarad ( 3 r d Exp.) O . 4 7 8 9 
Unirradiated ( 1 s t Exp.) vs 
0 . 1 Megarad ( 3 r d Exp.) 0 . 1 3 7 8 
Unirradiated ( 1 s t Exp.) vs 











2 . 8 0 
2 . 8 0 
2 . 8 2 
2 . 8 2 
2 . 8 0 
2 . 8 0 
2 . 8 2 
2 . 8 2 
•^Significance was determined at a probability value of 0 . 0 1 . 
T a b l e 1 9 . C o m p u t a t i o n of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s o f t h e F o u r t h E x p e r i m e n t 
on U n i r r a d i a t e d S p o r e s . o f C l o s t r i d i u m b o t u l i n u m Type F , 
S t r a i n C r a i g . 
Case X 2 X y 
2 
y xy 
1 25 625 0 . 0 0 8 o .oooo64 0 . 2 0 
2 26 676 0 . 0 1 0 . 0 0 0 1 0 . 2 6 
oo
 
27 729 0 . 0 2 o . o o o 4 0 . 5 4 
4 28 784 0 . 0 3 9 0 .0015 1 .09 
5 29 8 4 l 0 .055 0 . 0 0 3 0 1 .60 
6 30 900 0 . 0 7 0 . 0 0 4 9 2 . 1 0 
7 3 1 9 6 1 0 . 0 8 o . o o 6 4 2 . 4 8 
8 32 1024 0 . 0 9 0 . 0 0 8 1 2 . 8 8 
9 33 1089 0 .092 0 .0085 3 . o 4 
10 34 1156 0 . 1 1 0 . 0 1 2 1 3 . 7 4 
n 35 1225 0 . 1 2 o . o i 4 4 4 . 2 0 
12 36 1296 0 . 1 3 0 . 0 1 6 9 4 . 6 8 
13 37 1369 0 . 2 3 0 . 0 5 2 9 8 . 5 1 
i 4 38 1444 0 .33 0 . 1 0 8 9 1 2 . 5 4 
15 39 1521 o . 4 i 0 . 1 6 8 1 1 5 . 9 9 
T o t a l 480 i 5 , 6 4 o 1 .794 0 .4073 6 3 . 8 5 
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T a b l e 20. Compu ta t i on of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e F o u r t h Expe r imen t on 
S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n C r a i g I r r a d i a t e d 
w i t h 0.1 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 25 625 0.02 o.ooo4 0.05 
2 26 676 0.025 0.0006 0.65 
3 27 729 o.o4 0.0016 1.08 
4 28 784 0.062 0.0038 1.74 
5 29 8 4 l 0.082 0.0067 2.38 
6 30 900 0.10 0.0100 3.00 
7 31 961 0.115 0.0132 3.41 
CO
 
32 1024 0.13 0.0169 4.16 
9 33 1089 0.135 0.0182 4 .46 
10 3h 1156 o . i4 0.0196 4.76 
i l 35 1225 0.16 0.0256 5.60 
12 36 1296 0.18 0.0324 6 .48 
13 37 1369 0.29 o . o 8 4 i 10.73 
14 38 1444 o .4 i 0.1681 15.58 
15 39 1521 0.52 0.2809 20.67 
T o t a l 480 15,640 2.419 0.682 85.18 
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T a b l e 21. Compu ta t i on of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e F o u r t h E x p e r i m e n t on 
S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n C r a i g I r r a d i a t e d 
w i t h 0.2 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 30 900 0.025 0.0006 0.75 
2 31 961 0.035 0.0012 1.09 
on 32 1024 o.o45 0.0020 1.44 
4 33 1089 0.052 0.0027 1.72 
5 34 1156 0.06 0.0036 2.o4 
6 35 1225 0.07 0.0049 2.45 
7 36 1296 0.08 o . o o 6 4 2.88 
co 37 1369 0.095 0.0090 3.52 
9 38 1444 0.11 0.0121 4.18 
10 39 1521 0.135 0.0182 5.26 
11 4o 1600 0.16 0.0256 6.4o 
12 kl 1681 0.19 0.0361 7.79 
13 4 2 1764 0.22 0.0484 9 .24 
i4 4 3 1849 0.25 0.0625 10.75 
15 44 1936 0.27 0.0729 11.88 
T o t a l 555 20,815 1.797 0.3062 71.39 
9k 
T a b l e 2 2 . Summary of t T e s t V a l u e s , D e g r e e s of F reedom, and C r i t i c a l 
V a l u e s f o r t T e s t a t t h e 0 . 0 1 L e v e l f o r Data from t h e F o u r t h 
E x p e r i m e n t on C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n C r a i g . 
Sou rce o f Data 
t T e s t 
Va lue s 
D e g r e e s of 
Freedom 
C r i t i c a l 
V a l u e s of t * 
U n i r r a d i a t e d v s . 
0 . 1 Megarad 0 .5926 26 2 . 7 8 
U n i r r a d i a t e d v s . 
0.2 Megarad 0.9580 26 2 . 7 8 
0 . 1 Megarad v s . 
0.2 Megarad 1 . 4 6 9 5 26 2 . 7 8 
•^"Signif icance was d e t e r m i n e d a t a p r o b a b i l i t y v a l u e o f 0 . 0 1 . 
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T a b l e 23. C o m p u t a t i o n of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s o f t h e F i f t h Expe r imen t on 
U n i r r a d i a t e d S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n 




X X y y x y 
1 23 529 0.015 0.0002 0.34 
2 2h 576 0.02 o.ooo4 0 .48 
3 25 625 0.03 0.0009 0.75 
4 26 676 o.o4 0.0016 l.o4 
5 27 729 0.05 0.0025 1.35 
6 28 784 0.065 0.0042 1.82 
7 29 8 4 l 0.07 0.0049 2.03 
co 30 900 0.08 o . o o 6 4 2.40 
9 31 961 0.095 0.0090 2.94 
10 32 1024 0.10 0.0100 3.20 
11 33 1089 0.12 o.oi44 3.96 
12 34 1156 0.13 0.0169 4.42 
13 35 1225 0.17 0.0289 5.95 
lh 36 1296 0.20 o.o4oo 7.20 
15 37 1369 0.23 0.0529 8.51 
T o t a l 450 13,780 1.415 0.1932 46.39 
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T a b l e 24. C o m p u t a t i o n of V a l u e s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e of 
D i f f e r e n c e Between Two S l o p e s of t h e F i f t h Expe r imen t on S p o r e s 
of C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n C r a i g I r r a d i a t e d w i t h 
0.1 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y x y 
1 23 529 0.025 0.0006 0.58 
2 2k 576 0.025 0.0006 0.60 
3 25 625 0.03 0.0009 0.75 
k 26 676 o.o4 0.0016 i.o4 
5 27 729 0.05 0.0025 1.35 
6 28 784 0.065 0.0042 1.82 
7 29 841 0.075 0.0056 2.18 
oo
 30 900 0.095 0.0090 2.85 
9 31 961 0.115 0.0132 3.56 
10 32 1024 0.15 0.0225 4 .8o 
11 33 1089 0.18 0.0324 5.94 
12 3k 1156 0.19 0.0361 6 .46 
13 35 1225 0.22 o . o 4 8 4 7 .48 
ik 36 1296 0.26 0.0676 9.36 
15 37 1369 0.31 0.0961 11.47 
T o t a l 450 13,780 1.830 0.3413 60.24 
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T a b l e 25. C o m p u t a t i o n of Va lue s R e q u i r e d f o r A n a l y s i s of S i g n i f i c a n c e 
of D i f f e r e n c e Between Two S l o p e s of t h e F i f t h Expe r imen t on 
S p o r e s of C l o s t r i d i u m b o t u l i n u m Type F 3 S t r a i n C r a i g I r r a d i a t e d 
w i t h 0.2 Megarad Gamma I r r a d i a t i o n . 
Case X 2 X y 
2 
y xy 
1 26 676 0.01 0.0001 0.26 
2 27 729 0.015 0.0002 o.4o 
on 28 784 0.02 o.ooo4 0.56 
4 29 8 4 i 0.03 0.0009 0.87 
5 30 900 o.o4 0.0016 1.20 
6 31 961 0.05 0.0025 1.55 
7 32 1024 0.06 0.0036 1.92 
CO 33 1089 0.07 0.0049 2.31 
9 34 1156 0.08 o . o o 6 4 2.72 
10 35 1225 0.095 0.0090 3.32 
11 36 1296 0.11 0.0121 3.96 
12 37 1369 0.13 0.0169 4.81 
13 38 1444 0.16 0.0256 6.08 
14 39 1521 0.185 0.0342 7.22 
15 4o 1600 0.20 o.o4oo 8.00 
T o t a l 495 163615 1.255 0.1584 45.18 
9 8 
T a b l e 2 6 . Summary of t T e s t V a l u e s , D e g r e e s of Freedom, and C r i t i c a l 
V a l u e s f o r t T e s t a t t h e 0 . 0 1 L e v e l f o r Data f rom t h e F i f t h 
Expe r imen t on C l o s t r i d i u m b o t u l i n u m Type F , S t r a i n C r a i g . 
S o u r c e of Data 
t T e s t 
V a l u e s 
D e g r e e s of 
Freedom 
C r i t i c a l 
V a l u e s of t * 
U n i r r a d i a t e d v s . 
0 . 1 Megarad 
1 . 5 0 5 6 26 2 . 7 8 
U n i r r a d i a t e d v s . 
0.2 Megarad 0 . 3 5 5 5 26 2 . 7 8 
0 . 1 Megarad v s . 
0.2 Megarad 1 . 7 6 5 8 26 2 . 7 8 
^ • S i g n i f i c a n c e was d e t e r m i n e d a t a p r o b a b i l i t y v a l u e of 0 . 0 1 . 
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Table 27. Summary of t Test Values, Degrees of Freedom, and Critical 
Values for t Test at the 0.01 Level for Data from the Fourth 
and Fifth Experiments on Clostridium botulinum Type F, 
Strain Craig. 
t Test Degrees of Critical 
Source of Data Values Freedom Values of t* 
Unirradiated (4th Exp.) vs. 
Unirradiated (5th Exp.) 1.7228 26 2.78 
0.1 Megarad (4th Exp.) vs. 
0.1 Megarad (5th Exp.) 1.2247 26 2.78 
0.2 Megarad (4th Exp.) vs. 
0.2 Megarad (5th Exp.) 1.9524 26 2.78 
Unirradiated (4th Exp.) vs. 
0.1 Megarad (5th Exp.) O.6765 26 2.78 
Unirradiated (4th Exp.) vs. 
0.2 Megarad (5th Exp.) 1.8812 26 2.78 
0.1 Megarad (4th Exp.) vs. 
0.2 Megarad (5th Exp.) 2.1888 26 2.78 
0.1 Megarad (4th Exp.) vs. 
Unirradiated (5th Exp.) 2.0670 26 2.78 
0.2 Megarad (4th Exp.) vs. 
Unirradiated (5th Exp.) 1.5124 26 2.78 
0.2 Megarad (4th Exp.) vs. 
0.1 Megarad (5th Exp.) 0.4699 26 2.78 
"^Significance was determined at a probability value of 0.01. 
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